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ABSTRACT

Pick-ups may be defined as device which transforms
energy from one form to other. Capacitive trangducers work
on the prinéiple of changeé in capacitancey ¢QU$éﬁ.By change
in overlapping area, and change in distance between plates
or change in dielectric constant. Gapécitivé p;ckaupé c¢ah

be used for the measurement of length, thicknessq'léVe;; dis=

placement, humidity etc.

The sensit;vity-of a b:idge measurement may be regarded
as the»aécuracy with whicﬁ balance is achievéed. It is expre-
ssed in terms of the smdllest response of- the detector which
can be observed with reliability. The capacitances are gene=-
rally used in bridge circuits for detecting the changes in’

their values,

In this dissertation analysis has been carriéd out for
the sensitivity analysis of different types of ¢dpacitive
pick-ups. The influence of environmental parameter oh capaci=
toré has been studied and an instIUmeng?gggtgiso been developed
for continuous measurement ofcapacitance chéh@és. The ¢apaci=
tance changes does not affect the sensitivity 6f the bridge.
The sensitivity of the developed pick=up can be Very accuyra-
tely determined by using this bridge circuit.
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INTRODUCT ION

1,1 LNTRODUCT ION

In order to ﬁeasurg non=electrical quantities & pick-up
is used. It converts the physical quantity into a displacement.
This displacement actuates an electric transducer, which acting
as ‘secondary transducer and gives an output that is electrical
in nature. The electrical signal may be current, voltage ¢r'
a frequenéy. These signals are generated by the ¢hange in
" basic electrical parameters like, resistance, ¢apacitanceé and
inductance (8).

A transducer, in genéral form, may be defined as a
device which converts energy from one fqrq t6 aﬁpthér. Howe-
ever, this definitionAhas to be restricted, many a tiﬁﬁﬁégﬁéﬁ
cially in the field of electrical instrumentation on account
of this, transducer may be défined as a device which converts
. a physical quantity or physical éonditisn in-té an electrical
signal, Anothet name for a transducer ib pick<ip of s¢nsor.

The transducer may be thought of consisting two impoi-
tant parts (i) Sensing Element (ii) Transduction Elemeént,

(1) Sensing Element i A detector or sensing eélement is that

part of a trahsducer which responds to a physical phénomenon
or a change in a physical phenomenon. It is also called as

primary element.



(11) Transduction. Element i It transform the output of a
sensing element to an electrical output. It is also called

as secondary element.

The sensitiveness of the pick-ups ia also important and
it should be as high as poséible so that a minimum variation

can be detected,

1.2  ADVANTAGES

There are number p? transducers which transtorm a
variety of physical quantities and phenomena into electrical
signals. The advantage of converting pliysical guantities
into analogous electrical quantities are as follows =
(1) Amplification and attenuation of electrical sighal cdn
be carried out easily and that too with stati¢ electitonic
deﬁices and c¢ircuits,

(1i) The madsinertia effects are minimized when delaying
with electrical or electronic signals, the inertia effects
are due to electrons which have negligible madi.

(1ii) The effects of friction are minimjized,

(iv) The electrical or electronic systems can be controlled
with a very small power level, ‘ |

(v) The electrical output can be edsily used, transmitted,

and processed for the purpose of measurement.



(vi) Telemetry is used in almost all séphistiéaﬁed me asure=
ment systems. This completely eliminates the data transmis
ssion through mechanical means and hencé electripal and
‘electronic principles hafe to be employed for these conditions.
In short, it can be stated that the reasons for transs
forming a physical phenomenon into electiical forms is that
the electrical output can be easily used, transmitted and
processed for the purpose of measurement and control. Modern
digital computers make the use of these transducéxs absolu=
tely essential: In data acquistion system which are now a
micro processors and micro computers based have first element

as transducers, sensor or pick=up,

1.3  ELECTRICAL PHENOMENA USED IN TRANSDUCER

The different electrical phenomena (8) explqited for
transformation in transduction eléments 6f transducer are as
follows =~ |
(1) Resistive change (2) Inductive ¢hange (3) Capdcitive change
(4) Electromagnetic change (5) Pizo electric ¢hange (6) Vafia?
tion in ionization (7) Photo electric efféct (8) Photo condus
ctive effect (9) Photo voltaic effect (;Q) Poteéntiometric
change (11) Thermo-electric effect (12) Electro kinematic
effect. '

Table 1.1 shows the classification, principle of tra-
nsduction, and application of various type of transducers

according to different principles ifivolved in process of



transformation.

Capacitive trarnsducers are one of the most commonly
used pick-up in the field of measureméh§; Control and
telemetry. These have some distinct advantagés and dis-
advantages over the other category of the pick=ups. Follow-
ing section highlights the important features and applica-
tions of capacitive pi¢k~ups,

1.3.1 Important Featyres of Capacitive Pick-ups (B)

The impprtant features of capacitive pick_ups‘are

as foliows ¢

(1) They require extremely small forces to operate them
and hence are very useful for use in small systems.

(11) They are extremely sensitive.

(1i1) They have a good frequency response., This response
‘is as high as 5U KHz and hence they are useful for
dynamic studies.

- (iv) They have a high input impédance and theréfore the

loading effects are minimum.

. (v) A resolution of the order of 2.5x107° mi can be

obtalned with these transducers.

(vi) The capacitive transducers can be ysed for applica-
tions where stray magnetic fields render the inductive
transducer useless.

(vii) The force requirements of capacitive transducers is

very small and therefore they require smali power to
- operate.
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strain gauge
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hot wire meter

Resistance
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Thermistor

Resistance
hy@rometer

Photoconductive
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semiconductor is changed
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ssion due to externally
applied stress:

Resistance of a heating
element is varied by con-
vection cooling of a
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wire with a large positive
teémperature co-efficient
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temperature.

Resistance of certain
metal oxides with negative
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a circuit element varies
with incident light.
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Capacitance
variable capa~
citance pressure
gauge.

Capacitor
microphone

Dielectric
gauge

Inductance

Magnetic
circuit
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Reluctance
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transformer

Eddy current
gauge
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when magnetic flux inter-

acts with an applied current
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pressure.
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Liguid level,
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displacement.

Pressure, dis-
placeme { vibra=
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Pressure, force,
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Force, pressure,
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Magnetic flux,
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Ionization
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Photoemissive
cell

Photomultiplier
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Electron flow induced by
ionization of gas due to
radio~active radiation,

Electron emission due to
incident radiation upon
photoemissive surface,

Secondary electron emission
due to incidént radiation
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Particle counting,
radiation.

Light and
radiation.

Light and radia-
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Self—generating transducers (no external power)

Thermocouple and An emf 1§ generated across
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Moving coil
generator

Plezoelectric
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Photovoltaic

the junction of two dissi-
milar metals or semicondu=
¢tors when that junction
is heated.
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netic field generates a
voltage.

An emf is generated when

an external force is appl-
fed to certain crystalline
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A voltage is generated in
a semiconductor junction
device when radiant energy
stimulates the cell.

Temperature heat
flow, radia{ion¢

Velocity, vibration.

Sound, vibration,
acceleration,
pressure changes,

Light meter,
solar cell,



1.3.2 Useof Capacitive Pick-ups (8)

There are many uses of capacitive pick~ups some of

them are as follows ¢

(1) Capacitive transducers ¢an be used for measurement
~of both linear and angular displacements, The capd=-
citive transducers are highly seénsitive and can be
used for measurenent of eitremeiy small displacements
down to the order of melecular dimensions 1.e. O.1x10~°
mm. '

(11) They can be used for measurement of large distances

' upto about 3U m as in aeroplane altimeters. The
change in displacement method is generaisly preferaple
for either very small or very large displacements,
The change in area method is used for measurement
of displacements ranging from 10 mm to 100 mm,

(1i11) Capacitive transducers can be used for measurement
of force and pressure, The force and pressuré to be
measured are first converted to displa¢ement which
causes a change of capacitance.

(iv) Capacitive transducers can be uséd directly as press-
ure transducers in all those cases where the dielectric
constant of a medium changes with pressure,

(v) Capacitive transducers aré used for measurement of
humidity in gases since the dielectri¢ constant of
gases changes with change in humidity thereby pro=

ducing a change in capacitancee.g: iw Cose of A, &k HS%.
$or dngamdxdﬂ.wgﬁc Comi‘.gfgk' M l-'ooo?-qfl: %Md Hokweated Qe Aal-000843 ,

(vi) Capacitive transducérs ar¢ commonly used in conjun-
ction with mechanical modifiers for measurement of
volume, density, llquid level, weight etc.



l.4 ORGANIZATION OF THE DISSERTATION

The work in this dissertation has been carried out
around analysis of capacitive pick-ups. After introduction
in Chapter—i, the detail of varilous types of bgpabitiye
pick~ups and their applications in different fields are
discussed in Chapter-II. This chapter includés the piin-
ciple of transduction of Va:ioﬁs types of tapacitive pick=
ups based on change in their geométry due to variation ik
plate area, displacement between the platés, and thé change
in dielectric medium. The comparative study is given for
capacitive‘pick-ups with réspéct to resistive and inductive

transducers.,

Chapter-III deals with the sensitivity analysis of
the capacitiVe pick-ups in various bridge configurations.
Both current and vol;age sensitivity have been calculated
for different configurations. The methods are suggested for
measuring the sensitivity of the pick=ups. |

The influence of envirdnmentél parametéﬁﬁ is discussed
in Chapter-1V, Basically the effect of variation in tempe-
rature, pressure, humidity and vibratioh is studied,

Chapter-V deals with &n iRsttumentation system which
has been designed, developed and tésted for c°ntinuously.
measuring the changé in capacitarice with greatér sensitivity.
This bridge circuit can be used for determining the sensiti~

vity-pf capacitive elements practically.
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‘Conclusions and scope for future sesepe are presented
in Chapter VI,

6963 % 4
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CHAPTER-11

CAP ACLTIVE TRANSDUCERS

2.1  PRINCIPLE OF OPERATION (8)
~ The principle of operation of capacitiVQ transducers
is based upon the familiar equation for capacitance of a

parallel plate capacitor.

where,
| Cc is‘the capacitance value of the capacitor,

A is overlapping ar¢a of plates in m?i

d is the distance between two plates in m.; and

€ is permittivity (dielectri¢ constant) in E/m.

The capacitive transducer Work op the pgiﬁgipig of
change of éapacitanée which may be caused by
(1) Change in overlapping area A,

(i)  Change in disﬁan¢e d between the plé€é$§ and
(111, Change in dielectric constant.

These changes are ¢aused by physical variables like
displacement, force, pressure ih most of the cases. The
change in capacitance inay bé caused by change in dieléectric
constant as 1s the case in measurement of liquid or gas.

’ levels.

The capacitance may be measured with bridge c¢ircuits,

The output impedance of a capacitive transducer is ¢

Z= 3RFC
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where

Z is the output impedance

'f 1s the frequency

C is the capacitance

The capacitive transducers are commonly useéd for
'measurement of linear displacements. Thesé transduters
use the following effects :

(1) Change in capacitance due to change in overlapping
area of plates, ‘

(11) Change in capacitance due to change ih distance
between the two plates.

2.2  TRANSDUCERS USING CHANGE IN AREA OF PLATES (8)

It is found that capacitance is directly prcpcrtionai
to the area A of the plates. Thus capagitances changes
linearly with change in area of plates. Hénce, this typé
of transducer is useful for measurement of moderate to
large displacemént say from 1 mm to séve:a; cm. The area
changes linearly with displacement and also the cdpacitance
as shown in the figure 2.1, The initial non-1linearity is

due to edge effects.,

For a parallel plate capacitor, the ¢apscitance
equals to

E% = E%ﬂ Farad

where, ‘
1 is the length of overlapping part of plates in m.,

and w 1s the width of overlapping part of plates
in mr.. -
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The sensitivity is defined as

The sensitivity is constant and théféfq;e there is

linear relationship betwwen capacitance and displacement;

Sensitivity for a fractional change ih capacitance
v _9c 1
' =11
This type of a capacitive transducer is suitable for
measurement of linear displacements ranging from 1 to 10 cm,

The accuracy is as high as 0,005 X.

The principle of change of capacitance with change in
area can be employed for measurement of angular displacement.
Figure 2.2 shows a two-=plate capacitor. Ope plate is fixed
and the other is movable. The aiigular displacément to be
measured is applied to movable plateé. THe angular displage-
ment changes the effective area between the plates and thus
changes the capacitance. The capacitance is maximum when
the two plates completély overlap each dther i.e. when
e = 180°.

2
€ nNET
Cmax =%g =723

A

Capacitance at angle €6 is C = % 6
6 = angular displacement in radiam.
2
sensitivity §= %% = &%

The capacitor configuration and its response aré

shown in fig. 2.2(a) and (b) respectively,
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Above mentioned capacitive trangducer ¢an be used

for a maximum angular displacement of 180°;

2.3  TRANSDUCERS USING CHANGE IN DISTANGE HETWEEN PLATES(8)
Figure 2.3 shows the basic forim ¢f a capacitive trans-
ducer utilizing the effect of change of gabaéiﬁaﬁgé with

change in distance betwéen the two pldtes.

One is fixed plate and displacement to be¢ measured
is applied to the other plate which is movable. Since, the
capacitance C, varies inversely as the distance d, between
the plates the response of the transducer is not linear $o
it is used for the measurements of éxtremely simall displace-
ments. The sensitivity for this configuration is expressed

as;

Sensitivity S = %% = - %ﬁz

Sensitivity of this type of transduéer ié noét linéar
but varies over the range of the transducer as shown in

fig. 2,31. Thus transducer exhibits'hénﬁliﬁeér characteriss
tics, | |

Variable Separation (4) : The eariation 6f capacitance
between the plates with the distance between them is hyper-
bolic and is only'apprqximately linear over a small rghgé
of displacement but by inserting a piecevéf'mita; thinner
than the gap minimum distance, between the plates a linear

characteristic can be approached.

S=%= €°&¢-—:—§
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The smaller the separation between the plates the
greater the sensitivity but a practical limit is set by
the voltage breakdown of the air in the gap at an electric
field strength of 3 Kv/mm.

1f the simple type of capacitor just described is
modified so that it nas two fixed plates a moveable plate
which is mounted between the fixed plates so that the diss
placement increases the gap between it ana tne plate and
decreases the gap betweeri it and the other piété, the
capacitance bétween the moveable plate and the two fixed

plates also increases and decreases respectively.

P, and P, are the fixed plates and M the movable
plate form the two capacitors C, and C,. When M 15 midway
between Pl and P2 and distancgﬁd meter from them,theCapaci-
tance C, and C, are equal-If now M is moved by distance
X meter, then

- Ebr o o €5 €y Qs
€= 7% Cr = g ox

There are two way$ of using these tapacitance.
Fither the differences betweén them or the ratio of them

is used.

(a) Difference c,=C

1 2
EC EC
E) = 22 = ek
1 Cl+c2 E2 - C,+C
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d=Xx Q=X
=B = E 55
d-X d+x
E d+x
- 2d

E versus X is a linear relationship

Sensitivity S = SE %a'

(b) Ratio.C!/Cg
& €y O
d.-x

The output Varies in a non<linear manper with dise

placement although for Verﬁ small displacemént.When d > x,
N1 - % . For x = %-deviatidh from linearity is about

20 %, The differential method has been usg¢d for displacé=-

ments of 10'8 mn to 10 mm with an accuracy of 0.l %o

2,4  TRANSDUCERS USING CHANGE IN DIELECTRIC CONSTANT(S)

The third principle used in capacitive transducérs
is the variation of capacitanceé due to change in dieleétric
constant. Fig. 2.4 shows a capacitive tiansducers for
measurement of linear displaceméht working on the above
mentioned principle. It has a dielec¢tric of relagtive

permi ttivity €x.

Initial capacitance of transducer = C = € m + &&%2

1

_ €. W -
Let the dielectric be moved through a distance x in the
direction indicated, The capacitance changes from C to
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C +AC M given 0O
€
%)
6

= C

C+AC

(1,-%) + € er% (1,4%)

L1 =x + €r (12+x)]

fl

[1,+ €2 1 #x( ‘r—rl)]

+ calf als olf

€ %5 ( €Ex-1)
Change in capacitance AC= &o %x_ ( €r-1)

Hence the change in capacitance is proportional to dis=

placement.

2.5 APPLICATIONS

2,5.1 Measurement of Length and Thickness (5)
The capacitance between two electrodés of cross~

sectional area a m° and distance d meter apart is C = 8,85
Gg pf where € is the dielectric contant of the medium

between the plates.

If plates of radius r meéter are uséd where rd>>d, %o
that fringing effects can be neglected. The capacitance
value is given by the relation

2
C=27.8 €% pf

This method 1s applicable for thickness measiure«

ment of thin insulating layers. Minimum thickness which

can be measured is detérmined by the voltage at which

break-down of the insulation occurs.
1t will be noted that the value of capacitance
depends upon the value of € . If € is constant the value

of capacitance is inversely proportional to the distance
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between the plates; but keéping € constant over a long
period is difficult as the degree of humidity affects
the vélue of € ,

2.8.2 Measurement of Angular Displacement (5)

The only type of capacitive tiansdueer'useﬁ for
angular displacement is the variablé area type ahd a
singlé and a differential capacitive transducer as shown
in fig. 2.52(a) and (b). The characteristic C = £(0)
can be modified by appropriate shaping of the movable
plate. By using multiplate'capacitots it 18 possible

to increase the sensitivity.
The range of 360° can be obtained with an accuracy
of + 0.1 % and the law governing the relationship betwéen

the capacitance and the angular displacement dépends on
the shape of the plates.

2.5.3 Meamirement of Angular Velogity (5)

A capacitive tachometer can be made by arranhging
for a capacitor to be charged from a sourcé of direct
voltage é portion of the revolution bf the shaft and dis~
charged through a heter for another portion of revolution
(4). The average discharge current I is proportional to
the rate of operation N.

I =CEN
where C is the value of the capacitor and E is the value
of the charging voltage, N ir Fhe rote °§ ope festhion .
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Fig. 2.53(b) shows a slightly different version
which provides an output current whose po;agity depénds

on the direction of ratien.

2.5.4 Measurement_pf Level (§)
Capacitive method usés variable area and ¢an be
used for conducting solids or liquids.

where,
€ is absolute permittivity of the insulation
h is height of the liquid or solid in m.
d, is dia of metal xod in m.

d2 is external dia. of insulator in m.

The container should be:earthed to avoid ahy danger
of electric shock and to prevent any errors dué to external

metal objects.

An auxiliary electrode P, is placed at a fixed dis-
tance above and electrically ih#ulated from the reference
electrode P,. An alternating woltage is applied between
the liquid and the eleétrode P1§ The éi?éteré ?1 assumie
an alternating potential between zero and that of ?1 which
varies with liquid level

, c.

¥

E, = E

C
where,

E, is the applied poteritial in V

C is capacitance between Fl and P2 ;h F
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C, is capacitance between P, and $urface of -
the liquid in F. This 1$ inversely praportional
to the distance between the liquid surface and P,

E, decreases with rise of liquid level ahd the
relationship iH non-linear,

By using a seevo-system to move the twb'e;éctiodﬁé
P, and P, up and down and keep the distance betweeén P, &nd
the liquid constant a mbre agccurate system can be made.
The minimum distancé from the liquid for P, is 2.5 cme
The servo system is actually a conversion from leével to
displacement and then the level change is read by a disg-
placement transducer. The range is 4,5 c¢m, with an accu-
racy. of 1% % full scale. The linearity of the simp;d
system 1s very poor but that of the sérvo systém is that
of the displacement transducer.

If the liquid is fon-conducting, then it can be
used as the dielectric in a capacitor. The electrodes
are hormally two éohcentr;¢ cylinders, Figure 2.54(2)

At the lower end of the outer cylitider are holes which
allow ingress to the liquid. If small éhough,theﬁe holes
provide mechanical damping of the surface variation,

" The capacitance of a cylindrical capacitor is

_ ..

£€h
2 ln(r'z/il)

where,

E is absolute permittivity of theé medium bétween
the cylinders. - '

h is length of the cylinders in m,
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r, and r, are the radii of the ¢ylinder surfaces
enclosing the liquid.
1f the cylinder is partly filled with liquid, the
capacitance C when h >> T, and 1, > T5~Fy 1s
TN L

€h'+ €'hn
C 2= T

To avoid errors due to external objects the outer
cylinder should be earthed. In practice atcuracies beﬁwéep
+ 5 % and + 10 % and linearities of 2 ¥ to 3 % are obtainable.
Advantages : Can be used for solids or liquids,

sadvan ages : Material must be conducting.

2.5.5 Measurement of Humidity and Water_Cbntént (5)

Range 0 = 100 %

Accuracy ¢ 3 %

Linearity Non-linear

Disadvantages Equilibrium takes 10-100 § to be
established, Capacitance varies by

a factor of 10Q between U and 100 ¥
humidity, . : :

Measurement of Water Content

Range 10 ppth to gaturation
Accuracy + 24

Linearity Linear

Advantages Can detect 1 ppm |

The microwave refractometer consists of a cavity

whose resonant frequency varies with the dielectri¢ constant
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of the material in the cavity. If fl is the resonant
frequency of the cavity when it is filled with & dry
gas (dielectric constant € ) and £, the resonant frequency
with ﬁhe cavity filled with wet gas (dielectric constant €.
E-a ,
A schematic diagxam of the system used is shown in
figure 2,55. Two resonant cavities are excitéd by a micro-

wave source K (a Klystron).

The resonance in eatch cavity is indicated by the
output from a ctystal diode, Dl? 024 A fraqqeﬁcy quq;aa
tor S shifts the Klystron fréquéncy in a sawtdoth manner
as shown. If'the two gasés in the cavities ﬁave.ﬁiffgxéﬁt
dielectric constants; resonance will occur in onie cavity
followed a little later in time by rescnarice in the other

cavity. The time interval, AT between the tw¢ resonances.

The proporﬁion of one Substante mixed with dissolvéq
or absorbed in another can be detérmined by measuring the
dielectric constant of the mixture, sélutioq ér other
combination providéd the variations causeé the dielectric
constamf to vary by a shffiCigntly large amount. Since
the dielectric constantof most insulating solids or
 fluids ig less than 10 ana that of water 4s 8l1; this is
a reasonable means of measuring moisture donteit, The
material is placed between the plates of a cgpacitqr in
one arm bridge while a similar capaéitot with a d:y sample
of the same material is in an adjacent arm of the biidge.
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However, the law concentration of water in gases

even at saturation, causes only a very siall change in

the dielectric constant (for dry air at 45°C, ¥=1,000247
| at saturation r = 1.000593). A transducer for measuring
the small change consists of two concentric cylinders,
between which the gas is blown, forming a cylindeical
capacitor. The outer tube is thermally insulated and
heated slightly to prevent condensation. This capacitor
forms the frequency determining element in an oscillator
operating at 2 MHz. A change in frequency is QBUSéd by
the presence of water vapour in the gas, its inagnitude

depending on the quantity of water vapour.

The dynamic response depends on the velocity of the
gas through the transducer, but 50 #% of final response has
been reached in 100 ms. The system can detett changes of
1 mg. of water vapour per litre of gas.will be p#ﬁp?xtibﬁ?i
to the difference between the resonance frequencies.

In the pIQCtical form of t:énsduCEr a<ﬁq;l balance
technique 1is used, in which é servo system a;térs'the
volume and hence thé resohaht frequency éf the cavity untii
both cavities resonate at the same frequency: The gas
température and pressure in both cavities are kept constant

and the output is then directly calibrated in yapour pre-

ssSuree.

The response time is limited by the flow of gas

through the cavities, The time constant 1s approxiiately
10 S. "
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An accuracy of 1 0.5 deg.C is possible for dew

point measurement between -40%C and +40°cC.

2.5.6 Determination of Composition of Materials and
Proportions of Mixture (5)

A method particularly suited for liquids and very
often used for measurement of oil contamination and the
salintly of'wéter uses the change in diglectric¢, Constant
~of the solution with addition of contaiinants. Provided
the difference 1is lérge enoligh it cah be used as & measure
of the amouni of added material.

A cell containing the specimen ofsélution, which

can be a section of pipe through which the solution flows,
has two plane elec¢trodes placed in 1t. Any change in the
concentration of the additive or'ahy contamination produces
a change in capacitance between the electrodes which is a
measure of the amount 6f additive or contaminant, Rarige
is 2 parts in 10° to maximum saturation of solvent., Dis~
advantage is that it measures dissolved waté; in non=~

volatile liquid only.

2.5.7 Measurement of Temperatures (5)

The dielectric constant ¢f some ihsulaters and
‘semiconductors varies with temperature @nd a capacitor made
with such a material as dielectric changes its ¢apacitance
with temperature. | |
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The dielectric material used in a transducer of
this type has to be carefully chosen as some matérials
exhibit very large changes of dielectric constant with
‘temperature but also exhibit large hysteresis effects.
Other although having large dielectyi¢ constant changes
increases their dielectric losses with tqmﬁéfa%pfe to
such a degree that it is impractical to use thei fof

transducer work.
Range of measurement 1is é4Q°Q to +l699¢? Linearity

is + 1+ #. The disadvantagé is that the diglectric has to

be carefully choosen.

2.6  CUMPARLISON WITH RESISTIVE AND INDUCTIVE TYrE
TRANSDUCERS

2.6.1 Resistive Transducers (8)

The measurement of change in resistance are preférred

to those employing other variables. This is Because both
~alternating as well as diréét currents and voltages are

suitable for resistance measurement.
The resistance ot tetal conductor is expréssed by
R= f’%

whére,
R is the resistance in

L is the length of conductor in m.
A is cross-sectional aréa of conductor  in mzj

P is the resistivity of coﬁductor material in JA-m.
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There are number of ways in which resistance can
be changed by a physical phenomenon. The transiational
and rotational potentiometers which'work on the basis of
change in the value of résistance with change in length
of the conductor can be used for measurement of trans-
lational or rotary displacements. Strain gauges wWork
on the principle that the resistance 6f & conductor ox
a semi-conductor changes when strained. Thi$ property
can be used for measurement of d#sp;a¢éméﬁ;, féfée and
pressure. The resistivity of materiai changes with
change of température thus causing a change in resistance.
The property may be used for measurement of temperature.
Thus electrical resistanceé transducers havé a wide field

of application.

Potentiometers : Consider a translational poténtiometer
as shown in fig. 2.6.

Let el = input voltage, V, Rp total resistance of
potentiometer,

xt = total length of translational pot, m.

xi = displacement of the slider from its O position,m

eo = output voltage, V

Teststance st the Input teming) X input voltage
= iﬁiq;i:ifi-] X el = ﬁ% el

Under ideal coﬁdn, eo varies 1ineériy with displacement.

eo = (

. _ output _eo _ei
Sensitivity S = Tnput = X1 = ¥t
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Undexr ideal condn. sensitivity is constant. Output has
linear relationship with input as shown in fig, 2.7.

Effect of Temp. Resistance of metal conauctor changes
with change in temperature by changing the resistivity

of material.

Let R=F &

= densitivity S = g—; = %

This implies that sensitivity S is inversely pro~

portional to Area (A) while in capacitive pick-ups
A
c= €&

s=35 =4 , sensitivity 1s direttly proportiohal
to Area (A).

Sepsitivity : In order to get a high sensitivity the
oufput voltage eo should be high which in turn requires

a high input voltage ei. Due to limitations of power
dissipation, (eimax ='VbRp\Volts) the input voltage is
limited by the resistance of the potentiometer. In order
to keep the power dissipation at & low level, ihe input
voltage should be small and resistan€e 6f the potentiometer
should be high. Thus for a high sensitivity, the input
voltage should be large and this calls for a high value

- of resistance Rpa
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Typical values of sensitivity are of the order
of 200 mv/degree for a rotational potentiometer and 20U
mv/mm, for translational potentiometer. The short stroke
devices have generally a high valués of sensitivity.

Advantages of Resistive Transducers over Capacitive
Transducer

(1) They are simple to operate and are very useful for
applications where the requireménts are né# parti-
cularly severe.

(11) They are very useful for measurement of large ampli+
tudes of displacement. |

(111) Their electrical efficiernicy is veéry high and thay
provide sufficient output to pérmit control opera~
tions without further amplification.

Disadvantages of Resistive Transducers Compatativé to

Capacitive Transducer

(1) They require large force to operate,
(1) They are less sepsitive.
(iii) Frequency response is riot good,

(iv) Require large power to operate.

2.6,2 Inductive Transducers.

The variable inductance type transducers work upon
one of the following three principles =
(1) Variation of self-inductance
(£1) variation of mutual-inductance

(iii) Production of eddy. current.
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2
L =&

‘where,
N is the no. of turns, R is thé reluckance of the

magnetic curcuit, L is the self-=inductance of a coll,

Normally the change in self=inductance AL or AM
which is c¢hange in mutual inductanée for Inductive transdu-
cers is adequate for detection for subsequent stages of
instrumentation system. Howevdr, if the-sucééQding-stages
of instrumentation respond to AL 6r AM, rather than to
L+Z§L or M+AM the sensitivity and adcuracy will be much
higher. The transducers can be designéed to provide twe
outputs~one‘of which is ah increase of inductance and ather
is a decrease in inductance. In response to a physical
éignal,'the inductance of one part incredses from L to
L +AL while that of other part dec:;eeaseé from L to L= AL,
The change is measured as the difference of the two resul-
ting in an output of 2AL instead AL when only a singie
winding used. This incredses the sengitivity and also
eliminates errors.

Inductive trahsducei- can be uséd fér'the méasuréement
of displacement etc. |

Advantages and Disadvantages ot Inauctive Transducers over
Capactive Transducers

Advantages

(1) Resolution is good as fine as 1x10b3 mm.

(11) Output is linear for displacements upto 5 mm



34

(iii) Inductive transducers can be used for measurement
of weight.

——

Disadvantages $

(1) CapactiVe‘transtCeré can be used for applications
where stray magnetic fields render the inductive
transducers useless,

(11) The dynamic response is limited,

* 3 94
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CHAPTER=111

SENSITIVITY ANALYSIS
3.1  INTRODUCTION

Sensitivity analysis is useful in fipding the accuracy
of a bridge higher the sensitivity better is the bridge. Know-
ing the sensitivity -

(1) Select a galvanometer with which given unbalance maykbe
observed in a specified bridge arrangement.

(i1) Determine the minimum unbalance whi¢h ¢an be observed

with a given galvanometer in the specified bridge
arrangement.

(1ii) bé%ermine the deflection to be expected for a given
unbal ance.

'hIn‘case of capacitive pick-ups we can see that sensiti~
vity is conétaﬁt'using change in area of plates but it is hot
constant using change in distaﬁéé between plates in this case
it varies over the range of the trarsducer, The capacitive
transducérs are highly sensitive and cah be used for iieasurement
of extremely small displéceménts down t¢ the ordexr of mbleculat
dimensions i.e. 0.1x10“6 mm, This is on écqﬁﬂﬁt Qf the faet
tﬂﬁt small capacitances changes produced on a¢count of small
displacements can be measured. . In practice it 15 possible to
detect capacitance change of the order of 1 aF = IO*IBF and
that too with a good degree of accuracy. On the other hand
they can be used for measurement of large distaﬂces upto about
30 m as in aeroplane altimeters. The change in displacement

method is generally preferable for either very sma;;'ar very
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large displacements. The change in area method is used
for measurement of diSplacement, ranging from 10 mm to
100 mn and this is the advantage that by knowing the Sensi~
tivity we can find out the range for which it is applicable

without less of sensitivity and accuracy.

The sensitivity of a particular a.c. bridge measure-~
ment may be regarded as the accuracy wi th which balarice is
achieved. It is expressed‘in terms of the smallest response

of the detector which can be observed with reliability.

The conditions for maximum sensitivity to measure an
impedance Z, assuming a given source Zg and detéctor Z
are shown in fig. 3.1.

When a certain network has been setup, interchanging '

the source and detector may increase the sensitivity. The

2= V2gzy - ¥ R ()]

2, = VI (202}
rule for their relative positions is the same as for the d.cs
bridge : whichever one'of 25 and 26 is larger than the oﬁher
shouid connect tne junction of the two largest consecutive
impedances in the bridge withxthe junction of the smallest
consecutive impedances. We can 5elect a bridge of desired
type for increasing sensitivity chahgés or decreasing sensi-
fivity changes., /
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3.2 . ANALYSIS FOR A FOUR ARM WHEAT STONE BRIDGE

Wheat étone bridge balance in unaffected when the
source and detector are intéxrchanged, The criterion for
obtaining maximum sensitivity has been expressed in number
of ways : far example, ‘'Considering tﬁé battery and the
galvanometer, the oneé having the higher resistance should
join the junction of the two highest resistance bridge arms
to the junction of the two lowest'. The QléééiQQL Andlysis
of this problem is complicated by two pefipheral factotrs =

(1) Maximum sensitivity is ¢btained at maximum source
‘voltage, which in turn is determined by the allowdble power
dissipation. Hence, the two circuit arrangements should be
compared not on the basis of equal voltages, but on the basis

of equal peak power dissipation, . T
central Libvary Uoiversite of Roorke:

(2) The measurement accuracy depends onqeﬁﬁ%%hvanometer
'damping which in turn is Qete:mined by the bridge resistance
seen at the galvanometer ierminals. ‘Hen¢e a coﬁpa;iscn of
sensitivity values of various bridge artangements is of 1iimited
value unless the galvanometer-damping ratios areé identical.

According to fig. 3.2, the dimensionless sehsitiVitY
function Sgj can be defined by expressing the unbalance ycih
tage ed asa function of the source voltage E, Thus

SRi = %%%731 at null

It designates the null sensitivity to a fractional

change in the resistance Ri,
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3.2,1 Analysis of Ideal Bridge :

The simple case of zero source impedancé and detector

conductance Rg = O and Rd = = is analysed :

R R
ed 2 4 ..
E T Rl' 2 R3 4’

Rq is chosen as the unknown resister to be measured: The
analysis is restricted to a bridge with two fixed and one

' adjustable bridgye arm. There are two configurations -

(1) The two fixed resistors are connected across the source,

e, Ry and R, are fixed Ry is adjustable,

(2) The two fixed arms are connected across the detector,

i.e. Rl and R3 are fixed, 32 is adjustable.

These two configurations aré¢ equivalent to interchangirg

e

Cage 1 EgiAdjustaQIE $

Sensitivity is given by
| R4E

R}

"R

s " T

% dimensionleéss senisitivity function

since Ry and R, are fixed brioge arms, the sensitivity
is constant, independent of the value of the unknown resistor
R,» which is being balanced. Maximum sensitivity is obtained
for equal bridge arms Rl = R2 and is -~

Spmax = /4
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Case 2 ¢ ngAqustgblg :

This case requires the computation of -
3ed =§.L_f__2
2 (R +R,)° '
532 == B22 MR 2
(R,+R,) - [1+(Ry/R4) ]
1"8277 R R =R R, Ry/Ry4

The bridge sensitivity is not constant, bqt depends
on the value of the unknown R,, the peak value of sensitivity
1s again 1/4 and eccurs for the equal arm bridge Ry = Ry

From the point of view of uniform sensitivity, Case 1
is clearly superior. We can expect a similar résult when
source resistance and detector conductance are small compared

to the bridge—arm parameters.

3.3  GENERAL WHEAT STONE BRIDGE
When the source and detector resistances are of the
same order of magnitude as the bridge arm, the analysis of

~the ldeal bridge no longer suffices, and the general bridge

must be-conéidered,

Case 1 : Fixed R, and R,; and variable Ry

The relevant sensitivity function is =

and 1t vanishes for both zero and infinite R,. Its maximum

is found by the differentiation procedute =



(Ry/R,)/[14(Ry/Ry)]2
Smax =

41

7 e

and it occurs at a vatue. of R# equal to
yRska ¢ 1T q ryryey
Ropt = V¢ Ry ' 1/ +1/l_%2

f 1+as / (R * R, )

Case 2 + Fixed R and Ry and variablé R,
The sensitivity function ig =

LY *Ra*R IR, +R3 Rg) [R)R+(R R +R Re#RaRIT

It again vanishes for zero and infinite 34; The

expression is =~

Spax. =

14RS 1 (101 112
Ra L1+(R /B2 +¥E;1+32] [l+<IVR1+1/Bé)RaI]

l .
[l+ﬂ}+(R /R3)/RI[1+(1/R +1/B3)RS]] 7

} 1+(1/Ry+1/Ry)Rg
Ropt. = { 1+(Ry+Ry) /R,

3.4 SCHERING BRIDGE (2)
In fig. 3.1, 24 1s variable

Current Sensitivity (2) - The current sensitivity of a
network to a change in any balancing adjustment may be
obtained by -

;23 ~ 224 £
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Assuming 21,22,23,25 and 26 to be given and that adjust-

ments are made to Z4

3y  -Zpb =(2,25-2,24) 34 [3Z, .
3Z

4 A2
yA 23 2224 = 0, the rate of change at balance is
ol Z
5| =22 . &
0Z |, ~ Bo

where Ao is the value of A at balance.

Ao = .12_ [(22+Z3)25*(21*22)23}‘[(Zl+122)26+zi(22*23)]

2
and so
1 2
4 ° (Z +Z2.)(Z2.+ ) A 5 | ‘
“ 22 % [ Z+2,) Al Z1]

Finite increments near balance, put 22 = 2123/24 in the

numerator, then -
-—Z Z VA
’1s 2 2 Za 92,

(Zl+22)(z2+z3) [25+ (z‘+"‘7 ][26-*((;' >+§32)“ 214 TE

l
expresses the increment of current at balance in temms of

a fractional increase 0Z,/Z, in the brahch Z,.  Let the
voltage E to be maintained between A and C i.e. the impedance
Z6 be disregarded -

-z, 32,

"Gy za>z[zs+ Eé_%%ﬁﬁ
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=1

?

(Z]+Zzl(22+23)
Z

Now

(z]+22)(22+E§) _

22

= Z +Z2+23+Z4

when 2424 = 2224. Also if ZBD‘is the_combined impedance of
(21+22) and (za+z4) in parallel, i.e, the impedance of the
network connected to the detector terminals is =
(2)+2))(25+2,)

Z +22+23+ "
But Z,+2,%25%2y = (25%Z3)(23+2,)/2, When 2,24 5 2,2,
so that “

Zgp =

(z +Z )
Z3p 2,72,
Substituting, at balance, thé rate of increase is ~
8L, |
2 _ _ 1 N SR
52, - =

(21#22+23+ ) [1§; ] 2z )

and the increment is
624
0l = L o - .« Z k"
- ° (Z,+Z.42 Ze, 4
L 22+'3+Z4)[1+i§D]

Voltage Sensitivity (2) : Let a sinucidal voltage E be
applied to points B and D (8). If the detector Branch=points
AyC. are joined to an infinitely high impedanéé - represented
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very closely by an amplifier = ihen the voltage between
A and C -
V= 4 23 - Z Z4 B
( 1 22][%3i24}
Let Zl to be measured, ZQ and 23 fixed impedances and 24 the
adjustable impedance -
-Z VA 23-2 Z
dZ, (21+Z2)(23+24) (Z +z;7(zs+z4)2

When the bridge is baléhced, 2143a2224 = 0, the rate of

change is -

(W) o2
0z, ‘o (Z +Z2)(23+Z4)

Now to small finite incremerits in Z, near balance, put
o = E)Z;‘/z.4 fractional change in Z, from balance and

A
DV & = s
(144)2

Value of ©

Taking Z = R+ x as impedafice of any éivgn adjustable
-branch'atvbalance, slight change can pe made either in R or
in x. Adjusting R gives dZ = dR with x, unaltered, and in

general-

°‘=%_z=%B'REJx %3“5" L~ p

where ‘

are tan x/R is the phase angle of the adjustable
branch.
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If x 1s slightly changed from the balance value with R

unaltered, dZ = j.ox and in generals

,o=gz-§=9-§ J—’-‘—:-i—‘sin{b Lu/2-—¢

X ‘R+jx

3.5  SENSITIVITY ANALYSIS OF GAPACITIVE P1CK-UPS

3.5.1 Iwo Plate Capacitor ¢
For a two plate capacitor the capacitance,
C=€-—A=£l—w-F
d d
where

1 is the length of overlapping part of platesiin m and
'w is the width of overlapping part of plates in m.

Sensitivity using change in Area of Plates

Sensitivity S = C €N F/m
0l d
The sensitivity is constant and therefore there is linear
'.relationship between capacitance and disp1a¢emént.
Sensitivity for fractional change in capacitance
st o3 .3
cor - ¥
Thin type of capacitive transducer is suitable for

measurement oflinear displacements ranging fyom 1 to 10 ci.
. The accuracy is as high as 0,005 %.

Sensitivity with variable separation
S 6. -€A
s = 84 2
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1t is clear that sensitivity of this type of trans-
“ducer is not constant but varies over the range of trans-

ducer. Transducer exhibits non-linear characteristics.

Sensitivity for fractional change in capacitance.

S - 85- -3

Sensitivity st increase in inverse proportion to
the plate separation d and independent of the other dimen~

sions of the capacitor. Response characteristics is linear,

Sensitivity with variation of dielectric constant

Initial capacitance = C =

W y
Let dielectric be moved through a distance in the x direction
indicated. The caﬁdcitane'e c¢hanges from C to C+AC, and

C+aC= Gog (11-.‘-x) +ﬁ>‘v% (1,4x)

"

© % [1,~x+ Er(1#x] .
= F [1)+ b 1 4x( frea1)]
= C+ 6%’4 ( €r«1)

AC = X (€p-1)

Sensitivity s=§% = Gw 12
o2

So gensitivity is constant.
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Sensitivity for fractional change in capacitance

Lat s
1. .93C.
= 3% - * Trel
L
1 B
5" = 1568
whexre B = -%:’-'-
3.5,2 indrical Capacitor ;
For cylindrical cépacitor the capacitance is ¢
Ca 2‘u€l. ‘
loge(027D )

where,

1 is the length of overlapping part of cylinders in m,

Dy is the inner diameter of outer cylindrical exectrode

in m, and

D, is the outer diameter of inner cylindriCal elecgrode
; in m,

Sensitivity Using change in Avea of Plates

Sensitivity, S = & = 2n€
ye : 1099(02/0 )

-Therefore, the sensitivity is constant and the ré;étionshib

. between capacitancé and diSpiacement id linear
- For fractional change in capaci tance,

Sensitivity ' = 2 = 14

Sensitivity Using change in D,

Sensitivity § = 2%
- 30,
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M——— | : .-}‘-

- B [;oge(D2/Dl)]2 Do/ Dy) " py
- 2‘“&1 4 . & . 'L"
[l°ge(02/01)i 2 Dy " p
on €1

DQ‘ log(D,/D, )]2

for fractional changé in capécit,‘anéé

Sensitivity using change in 'DL

. L Do
%f[rﬁﬁrn g
y2n€l no
[1og (0,/D; )] 12 Dé\ ' '(%l)z

21: €l
[loge( D2/ 0182

For fractional change in capacitance
1 _ _3C _
" = 5%———131 =

Sensitivity using change in dielectyic ¢onstant

5= 25— .2 &L
109, (D,/T))
Sensitivity is constant.




49

3.6

This capacitor has three plates two fixed plates
‘P, and P, and a movable plate M which together foim thé'
two capacitors C1 and C2. In the céntre position, the
distance between M and either plate is d, the capacltors
C, and C, are equal. If plate M is moved by a small amount
- x in response to an applied mechanical signal. One capacitor
will increased and the other one decreased. The subsequent
stage (which converts a change of capacitance into an dutp#t
voltage or current) measures either the differénce between
both capacitors or their ratio,

= £2
1 d+x ? c

Two different applications of this type of capacitive

transducer can be distinguish as follows :

(a) The stage following the transducer response to the
difference of thé partial capacitances C;=C,. Usually an
A-C voltage E is applied between plates P, and P, and the

difference of the partial voltages (El-Ez) 1s measured.
The partial voltages afe : |

E - EC

1 C1+C, &2 Elicz
- d+x . Oe=X

BL=E3g 4 Bp= b3

difference of partial voltages is

E

[l
1]
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Relationship between output voltage AE and the displace=
ment of the middle electrode x is linear and independent
of the capacitor plate area or the dielectric constant,

The sensitivity of the system is

E _
Sag?"-&/d

If stray capacitance can not be neglected (e.g. the capa¢i-
tance at the input of subsequent stage) the sensitivity will
be reduced, and non linearity will arise between the dis-

placement x and the output
E= g 2. gy L Bp@%gdp? )

where B = C./C, is the ratioc of stray capacitance cs to the
capacitance C; or C, if the middleé plate M is in the centre
position., For B = 1/4 and x/d = = 1/5. The séh$ibiv1ﬁ? ig
reduced by 1/5 and deviation from linearity is 1 percent.

(b) The subsequent stage responds to the ratio 64/G2 (A1

balanced bridge ratio meters)

For such systems the relatidnship between the output s§ignal

and diSplacement of middle electrode is

The output varies in a non—liﬁéar fashion w?éﬁmihe diSplace-
ment x, only fbr very sm&il diSplacements,fwhen x <€ d,

| does | f

z
[}
-
+
olx
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For % = % , The deviation from linearity is about 20

pexrcent.

3.7

EQUIVALENT Cl CUIT OF CAPACITOR (4)

At low frequencies the losseés of a condenser are
represented{by a parallel resistance Rp which represents
(a) a d.c, leakage conductance which can be sneglécted

even at very low frequencies,

(b) dielectric losses in the insulating supports of the
live electrode, and

(¢) losses in the gap dielectric.

The dielectric losses (b) in the insulating structure
constitute a conductance componeht of 1/Rp which incfeases
with frequency and the dissipation factor (ﬁéws-) is thus
roughly independent of frequency. The gap losses in air
condenser are normally negligible, but with solid diéledtrics
they clearly depend on the low frequericy dissipation fdctor
of the dielectric materisl &sed. The resulting losseés caused
by interfacial polarization often become smai;é# with increaw=
sing frequency.

At high frequencies the series resistance Rg represénts

the resistance of the leads; metal supports, and plates of

the condenser,

The series inductance L however, is of practical
importance. It represents the total inductance of the

current path between the terminal of the transducér. If
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~ a cable is attached to the transducer, L includes also

the cable inductance, as shown in fig. 3.3.

R WC
Z = Rg + jwL +
| R+-§Wc
, 2
= R. + *jw[l-&'—
e 1+w%Rp2cE 1+wlRp2C2 J .

the effective‘reactance is

Xeff, = W?Ceff . where Cors = effective capacitande,

l;i-w Rp2C2

wCRp2

= =WL + —— 5"

L+w Rp“
Ly %2

WCRP °WL(1+W2Rp2C2)

P
1

or

W Corf

or w Céff =

In a capacitor w202Rp2 is very large as compared to 1.

W2Ro2c2 "
WCRp2 waszch 1-w2LC

w Ceff

or

At lov freq. effect of series resistance Rs and series
inductance are neglégible. |

R - B
eff 1+W2 Rp202
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loss éngle tan § = = —5% .~Vumwu.fgr

The effective change in capacitance is «

C "

3.8 EFFECT OF STRAY CAPACIIANCE ‘82
Stray capacitance can be defined as, any occurring

with in a circuit other than intentionally inserted by
capacltors e.g. capacitance of connecting wires, giving
rise to parasitic oscillation, :

As shown in fig, 3.4 the capacitive transducers are
connected to the second stage of the instrumentation sysStem

through cables. The cableé are a source of loading.
Let C is the capacitaﬁée of transducer in F and

Ce is the capacitance of the cabld in F.

If we neglect the leakage resistance, the output
impedance of transducer is Z, = 1/jwC.

Impedance of load (taking cable gs'loéd)

Z, = 1/3wC¢

S A




Bi= TIT s Bo

In this case

Ceff = CCc . 1Initial capacitance = C
C+C,
ccC
AC = ¢ -
cre, c
2
at= -tc,

3.9  METHOD TO INCREASE THE SENSITIVITY (4)

There are two methods to increase the sensitivity :

(1) Rotary Motion, a single and differential transducer,
: and

(11) Serrated type transducers.

(L) Rotary Motion

' Fig.25.2 shows a two-plate‘ﬁapa¢i$0f- One plate ié
- fixed and the other is movable. The angular diéplacément
to be measured is applied to movable plate. The angular
displacement changes the effective a¥ea between the plates
and thus changes the caéaCitance. The capacitance is max,

when the two plates complately overlap each other i.e,
‘when 6 = 180°.

‘€2
Max, value of capacitance Cp,, = &.aé - 7!2%:.,

54
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. _ -
Capacitance at angle 6 is C = %ﬁ-—v ()

6 = angular displacedent in radian

Sensitivityvs_ﬁ.%g'; %ﬁi

The variation of capacitance with angular disp;aéement
is linear as shown in fig, 3,52.
The sensitivity can be intreased by multiple plateé

arréngements.

(i1)

Serrated type tréansducer (4)

High sensitivity can be obtained by using serrated
type transducer. A longitudinal shift of one capacitance
plate by an amount 3L against the other has the effect
of changing the capatitance from minimum to the maximun
value. The transfer characteristic is shown in fig. 3:53:
X sensitivity of the order of 1pF/0,0001 k- has been obsained.

ICbnsider a paif of flat serrated plates, as shown
in fig. 3.58. A small relative moveﬁent in the plane of
the plate causes a change in capacity. The movement must
be kept small in comparison with the width of the teech,
otherwise, the capacitance deflection relationship yields
- ambiguous results. -

o= 3R (o)
where tﬁe.dimensions (cm) are
1 is the active length of tooth pair,
b is the width of teeth, normal to plane of drawing,
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d is the distance between teeth in closé proximity
-and

n is the number of palrs of teeth.

The variation an cap‘aci—ta'nce dC due to small deflection
o1 is |

Hence fractional char’age' in capacitance,

¢ - 9L
C 1

Sensitivity S ,.&,E

3.10  SENSITIVITY ANALYSIS UF CAPACITIVE BRIDGES

~Let a sinusoidal voltage E be applied to points B

~ and D as shown in fig. 3;1. If the detéctor branch points

A,C are joined to a infinitély high impedance fépreseénted
very closely by an amplifier then the voltage betwéen
A and C - | |
V = 123"22Z e
For Schering Bridge :

1
'Zzs=°*3‘v'17c‘;’ =9“‘v3'c12’
Z3S = Rgtj O =Ry + 30



245 = TIWCR, T T o zm 27 ]
| 1+3WCaR4 1+w°C,°R,~ .

-1
3¢,

1]

. T
(2, +2,)(Z%2,)

_ A oza
V = = -, 944
(1en)% " T E

0V == -—A——§— . 0 E
- (1+4)
o |
3 - 4 |
d R, (24) ) Ry ( l+jw§4 §4 )
(14+3WC,4R, ) x1~RyxJWC,
(1+3wC R )%

024 %Ry

24 24 'l(i+jw64ﬁ4)§:-f

= 9B4 Ry
Rz (gwep?
R T -
" RN S
- Ry (1+jJWC4R,)
Qv A OR4

A S T
B (1+Ai2 R, ( 1+JWC,R 4 )

58S, = QV/E _

: R,
3%;<24> - gfz (W)

- (;+JwC4R4)xOfR4XJWR4

o

£ 2
(1+jwC,4R )

57
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FIG. * -SCHERING BRIDGE

FIG: - WIEN'S BRIDGE
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-ij42
==BOC( 2
» (1+ch4&4)
9_2.‘.:.=__°°4~£g( a2
Z4 %4 Ca " (1+jwcgR,)2

4 2%4  Za, -juCR,
Ca 7 24 (TFTCR,)

' jwC R
S5o = %%‘?a- = A,
4/ ~4

2
(1+A) (14jwC,R,)

For De Sauty's Bridge

1 ;s R
21D = Twg; * %p T ij v Z3p = Rgs Zgp = Ry

ZZ--ZZ

(2,+2,)(23+2Z,)
| o,
Va4 JE . =mie
° (144)2 Ry
sp = QV/E __A
OR3/ Ry (14A)2

For Wein's Bridge

R .
Z1w = TFiwC R, Zow = Ry we, Zaw™ Rgr 24, = Ry
' V/E A 1 ‘
w =~ 9R,/R, (1+a)2 TT%EWEIRI)

PROGRAM FOR SENSITIVITY ANALYSIS OF BRIDGES

A general programme has been deve10ped for sensiti-
vity analysis of the bridge. Fig: 3.6 shows the flow chart
for the steps.
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COMPLEX ZSys 28,y 1S3y 84y Wy, ZWy, 2Wsy ZHy,
ZDy, ZD,, ZDg, ZD4s AS, ZSK; AD,AW, ZWK
OPEN (WNIT = 1, DEVICE = 'DSK',,EILE = 15,DAT')
READ (1,%) Ry, Ry, Ry Ryl clh.. Cps Gy PIL
w= 2, * PI * 50, -
XDy = XSI. = =1./(w*C;)
Xuy = XD, = XS, = ~1./(w * C,)
XS, = =W*C,*R *R;/(1+uw*w*C *C,*R,*R,)
RSl = Rl
Rw, = RDy = RSy = R,
RS, = R,/ (L+whu*C, *C ¥R *R,)

25, = C.MPLX (RS, XS))

5)

yAS
234 = CMPLX (RS4.- XS,)
RSK R~ lc

XSK = wi*C #*R

*
4 "4
ZSK = CMPLX (RSK, XSK)
AS = CMPLX (2s,/2s,)
RW, = RD, = R, |
2D, = CMPLX (O., XD, )
ZDy = CMPLX (RD,, O)



2D,

= CMPLX (RD,; O.)

AD = QMPLX (2D,/ZD,)

XW;»

RW,

RW,,

RDK
XDK

. zwl
ZW2
ZW3
0,

ZWK

1

~(w*C, *R, *Rl)/(lm*w*cl*cl*al*nl)

R,/ (L+iu¥C, *cl*al*al)
Ry
1.

“'CL'RL

MPLX (RW, , xwl‘)
CMPLX (sz, xw-z)
CMPLX (R‘”a' 0.)
CMPLX (Rw4'=, 0.)
oMPLX (RDK, XOK)

= CMPLX (zw,/zw,)

S5) = 4BS [AS/((J.+AS) * (1+AS) * 25K)]

S5, = ABS [AS * XSKA[1+AS) * (1+AS) * 75K} ]
SD = ABS [—AD/[(1+AD) * (14+AD) ﬂ
SW = ABS [-AW/(1+AW) x (l+AW) * ZWK) ]
PRINT * , SS,, SS,, SD, SW

STOP
END



READ . Ry R2,R3. R4 C1.C2,C3
PI. V. E

!

TALLIURY ,
21® = Re=j/wC, 229 24 /wWC 2

235 <R3 .Z4S- R4 _ jwrsrcy
HwZc g RE HwilRaZ g -

o

CALCULATE

Z11D -~ '/,;wc,, Zo1D - 1/3, we 2

2’

C&LCULAY? .

21W = 91/ + 4 WG Ry
zzw =Rz -)w c2
Z3W R

240 - RA

—;J.—p_z- (Zm(Z:&-} , IJEE (23D)

%(zu»)

594 97 /E SVCRITFNE Jyv/e
YasirRa I RrRaJRz
%32 dVIE_ gw SVIE _
g cajca 4 R1/R4
/ : \
i& sSTOoP )

FIG:- 36 -FLOW CHART
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3.11  RESULTS

(1) Let for a two plate capacitor, two plates are 25 mm

apart and‘area 625 mm2 in area.

Sensitivity of this may be calculated as follows i

c=£4A _€Llw = 8,85x10712 F/m
d

Change in Area of Plate

: by causing displaceient ¢f one

plate
C="- ‘l-xw
i—a-l—

= 885 PF/m

and whatever be the displacement sensitivity will always be
) constant.

Change in distance between plates :

C:g-é—v—v




S1l.No, Value d Sehsitivity

in mm in PF/mm.
1. .25 88,50
2. .22 114.28
3. «20 138,28
4, .18 170,71
5. .16 216,06
6. .14 282,20
7. . W12 | 384.11
8. . .10 553,12
9. .08 864.25
10, .06 1536
1L, .04 3457,03
12, .02 13828
13 .01 | 85312,5

Result shows that as the distance between the plates

decreases sensitivity goes on increasing.

Change in dielectric constant

c = £4 . éﬁhé&J&L_

s= 3G - Selw | 8.85x10"12x625x107°
r d .25x10™°

20125x10™49
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~-12

= 22, 12SXLO PF/m

0.22125 PF/mm.

Sensitivity will be constant.

(1i) Let for a_cylindrical capacitor
Inner dia = 3 mm, outer dia = 3.1 mm , length : 20 mm

c=2__.§-.—-—-[=
log (D2/D )

Sensitivity using change in Area of plates

S = %%— = Igg;%5;7bi)

- 1695.8431 PE/i
= 1,695 PF/m

Sensitivity is consdant,

Sensitivity using change in ‘D,

8228 | 598 . _.2nek
oD, * 7 oD, D {log (02/0 )}2

Chanéevin D, (in mm) | .Sensitivity in §F7um
1. 2.9 333,67

2. 2.1 | 37.105

3. 2.5 ‘ 13,382

4, 2.3 6.849

5e 2.8 _ 83.44
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Sensitivity using change in 'Dl‘

S - 28 . 2n€:£

o) [1og (92/0 )]2 |
"éi{a;.{gé'.in'""bz”i};}m S ‘Sensitivity ih PF/mm
2. 2.8 : 38,33
3. 2,7 ' 21,58
4, 2.6 ' | 13,82

It shows that as Dl decreases éensitiVity decreasesy

Sensitivity using change in dieiectric ¢onstant

S = dC 2nEvL .
3% = Tog, (D,/B,)

= 33916.862x10"1°
= 33,916 PF/m = .033916 PF/mm

Sensitivity is constant.

. (1i1) Let in a differential capacitor distance between
middle and side plate is 50 mm and x = .01 mm

B = E/d




PF/mm
1050

t000
5%0
200
850
800
750
700

650

550

560

450
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CHANGE IN DISTANCE CHANGE |N AREA AND CHANGE
IN DIELECTRIC CONSTANT

PARALLEL PLATE CARPACITOR (d)

PF/mm

I .
& K69 PF/mw

400

200|

250

!
o CYLINDRICAL (A)
-4

12 | DIFEERENTIAL (d) —CYLINDRICAL (d

1O

o
N

B85 PF /mm

5

8 . i
"O% PARALLEL PLATE (A)

150

© 0% y 053916 BE/mm{(D1) ;
CYLINDRICAL "

02212% PE/mwm (P1) '

100

50
Or-Tex
0

k )
/
PARAL LEL J }—.chnNDRchLG

"2 ‘01 / Dl
PE/mm : ,'///@

v
------ /A

4 02

o]

02 .04 06 0B -0 42 a4 16 1B :20 22 24 26 2B 30 RO mmq
2 4 6 & G I'Z 4 & 1B 20 22 24 26 28 30 I mn

5 1O vy 20 25 RO O3BE 4.0 45 5.0 Nm@

. FIG, 37




Sensitivity using change in distance bétween miqd;a
and side plates

68

Change in d in mm bensitiVity 1n V/nifn B
1. 5 44

2, 4.5 | . 48. 88

3. 4,00 55 O

4, 3.5 62 85

5, 3.0 ‘ | 73. 33

6. 2.5 : - 88

7. 2.0 | g

It shows that with a decreaseé in distancé between
middie and side plate, sensitivity increases.

(iv) Sensitivity of Bridges

For De Sauty's Bridge’

Let Cl = 100 pF,TC2 = 150 uF
Rs = 5000 4, "Ry = 5000 -A- |
S = - —£L—*§a
(1+A)
s=-%20%
(with the (1+0y/c))®

change in 83)

"~ Sensitivity will always be ¢onstant.



For Wien's Bridge

A

69

" (1+a)2

L1
* TIFHWCR,)

Ry/(143wC)R)) » Zy = Ry=3/wCy

’ Cl = 100 uF,
» Ry = 5000 L

s = V/E __
w le Rl
Zl =
Rl = 2000 N
R3 = 5000 /N

’”Vn§;§£“"131 B

l. 2000

2. 1800

3. 1500

4, 1200

5 900

6. 5%

7. 300

8. 200

For Schering Bridge

(a) ss

= %¥L§K~_- =
) R4 4

A=

Z2 == j/WCz

A=

94.211939

C, = 150 WF, Ry . 3000 A

(Sensitivity)

1.65450x1074
1.8377806x107%
2,2057088x10™4
2.7564457x10™4
3.6732506x10™4
6.5933832x10™%
10.97x10~4

16.,057%10~4

As the value of R; decreases, sensitivity increases,

(1+A) z1+iwC ’

Zi = Hl - J/wcl



Value of R, in.n ' Sensitivity Sﬁl

1. 5000 5.51611x10™°
2, 4700 - | §.86819x107°
3. 4500 6.12899x107°
4, 4200 6.56676x10™ >
5, 4000 6.89509x10™°
6. 3500 | 7,88005x10™>
7. 3000 9,1933x10™°

8. 2500 1.10317x10’a
9. 2000 1.37892x10™4
10, 1500 1.83843x1074
11, 1000 2,75712x10™
12, 500 5.50844x1074
13. 400 6.88011x10°%
14. 3w 9.15789x10™%
15. 200 1.36706x10%3

As value of R, decreases sensitivity increases,

b) SS. = A . JWC R
( 2 (14a)2  TI¥IWCLR,)

A= Zl/Z2 = 94,211939

ey 1.1031x10™4

, = 103,92518x107"
(1+A)
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200
(W)

120 -

K >(|04
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SENSITIVITY VARIATION

166 160 IN _ BRIDGES
Q(Cq\) 1% 180
¥ 10 -3 K

10%9.4 140 140

10393 130 130

29
SHERING (C4)
10392 120 120 - 24
De SAUTY'S.
03K N0 11O 22
10390 106 100 20
10389 96 90 8
10788 80 B.0 ‘16
lozs+7 70 70 +1 4
I0%®e 60 &0 12
085S 56 50 ‘1o
0384 40 40 108
0383 20 30 06
10382 20 2.0 R ~+ L > (WIEN'S BRIDGE) o4
W01 10 10 e _SHERING (Rg) ©2

O 200 400 600 BOO 1000 1200 400 1600 1800 2000 R, ({1)
400 800 1200 [600 2000 2400 ZBOC 3200 3600 4000 4400 4800 5200 R4(.n.)

10 20 30 40 B0 &0 70 B0 9C 10c MO 120 130 MF(Cq)

Fla. 3-8
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Valué of C, in WF ' | Sensitivity 532
1. 120 103,92351x10™4
2, 110 103.92342x10*4
3. 100 103.92294x10™4
4. 90 | 103.92252x10™4
5, 80 103.92187x10™4
6. 50 103. 91658x10™4
7. 40 103.911x10~%
8. 30 | | 103.90157x10°%
9. 20 S 103,8722x10™%

As the value of C, decreases sensitivity decreases to a

very lesser amount.

(v) Unit Sensitivity of Bridges §

Fox_De Sauty's Bridge g =158 Lo
Value of R, in Unit Sensitivity s/§?

1. 2000 . 1030426

2. 1800 - +1144512

3. 1500 .1373646

a, 1200 | 1716628

S, 900 ' 2287585

6. 500 | . .416152

7. 300 : - .6831772

8. 200 : . 1.00




For Schering Bridge : S/$, for 200 is 1,00

(a) Value of R, in Unit sensitivity §/S,
1. 5000 _ ,0403501
2. 4700 . 429256
3. 4500 .0448333
4. 4200 ,0480356
5. 4000 ~.0504373
6. 3500 0576423
7. 3000 . 0672486
8. 2500 0806965
9. 2000 +1008675
10, 1500 1344805
11, 1000 2016824
12, 300 . 4029406
13, 40 - 5032778
14, 300 6698967
15, 200 | 1.00

(b) S/S0 for 20 uF is 1,00

vaValue of C, in pf S/ 8,
1, 120 1.0004939
2. 110 1.0004931

3. 100 1,0004884
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4, 90 1.0004844

5. 80 - 1.0004781
6. 50 | | 1.0004272
7. 40 | 1.0003735
8. 30 S  1.0002827

(vi) Effect of humidity on change in capacitance

1.3 :
c =122 4+ 2 parts 14 1,00,000
H = relative humidity # = O = 70 %

t (temp.) = 10°c - 30°C
At temp. t = 20°C.

Relative humidity Changﬁsén:capaQitgnqe

1. 10 % - 2,18
2.  20x%  4.36
3. 304 - 6.55
4, ' 40 x 8.73
5. 50 % 10,91
6. B8O x 13,09
7. 10% 15,27

As the relative humidity increases AC increases.
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(vii) Effect of Vibration

3C = (= d/d sin wt).Co

Co = §d—a

= 2 £a

_qC (1= S sin wt). 2
oc=- 52 .5 = - 8.85x107 %3
d™. :

Let area of plate is 625 mm2, distance betweén two plates
is 25 mm.

Value of 9 in mm

1. 25
2, .50
3. .15
4. 1,00

5, 1.25
6. 1,50
7. 1.75
8.  2.00

it 3 %
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INFLUENCE OF ENVIRONMENTAL PARAMETERS

4,1  TEMPERATURE EFFECT (3) :

Temperature has an appfeciable effect on the beha—
viour of condensers having solid dielectrics. It is not
possiblé to give a definite statement as to the temperature
Coefficient of the capécitance of a particular condenser,
for the temperature effects are dependent on the parti¢ular
cycle of operations to>Which the condenser is SQDjéctgds
This is illustrated in fig, 4,11 which are typiéal of gaod
and poor mica condensers. The best mica condensérs when
subject to the ordinary fluctuation of xoom temperature way
show variation in the capacitance of 2 or 3 parts in 10000,

The active portion of any éondensex inténded for uyse
as a sfandard must be firmly confined between clamps; $O
that its geometry and, consequently, the capacitdnce of the
condenser may be definite. Condensers without &lamps are

greatly affected by temperature and, when taken through a
‘cyclic variation of temperature (for instance, 172, 302, 172),
do not return to their initial capacitances. This permanent

alteration may be as much as 3 or 4 parts in 10,000,

Change of temperature adversely affects the sensiti-
vity of the transducer,
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4,2 PRESSURE EFFECT (6)

v;Changes of afmosbheric pressure cause in micd conden-
sers minute changes of capacitance which may be detected
bf the most refined methods of measurement. The changes
are subject to a considerable time lag and may be of the
order of magnitude 1 or 2 parts in 100,000 for 1l c¢m. change
of pressure. Usually; if the pressure is reduced, the con-
denser expands, and as the increasé in the distance between
the plates produces more effect their increase of size, the
capacitance is decreased. Firmly clamped condensers are but
very slightly affected. Sensitivity is adversely affected

by change in the pressure.

4,3  EFFECT OF HUMIDITY

The presence of water vapour in the atmospher¢ affécts
the behaviour of an air capacitor in two ways, it may increase
the power factor, and it must increase thé capacitance at
least in proportion to the increase in permittiVitY of the
air. The former effect is well known and can be lqrgely
avoided by suitable design e«g, in three-terminal instru=
ments the latter effect is usually treated as negligible

especiairy at audio frequency.

The formula giving the permittivity of moist air in
terms o f temperature, pressure and humidity ¢an bé eXpressed
in cerious forms, that given by Lea, who considéred the

effect of atmospheric humidity on the stability of LC

oscillators, is :



where
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k=L + 2 + 28 p_H) x 107°
T TS
k is the permittivity of moist air
T is the absolute temperature, ©K.
P is the pressure of moist air in mm Hg.

P, is the pressure of saturated water vapour at
temperature T, in mm Hg.

H is the relative humidity in % .

From this expression it can be seen that total

change in permittivity, and hence in the capacitance of a

perfect ailr capacitor, which can take place as between wet

and dry air is about 2 parts in 10,000 at 20°C, Variations

in capacitance of the order of 1 part in 10,000 must reaso=

nably be expected in an ordinary room.

A knowledge of the variation to be expected in the

capacitance of an air capacitor due to change in atmospheric

humidity will usually be required to only a few parts in

1,00,000. changes in parometric pressure over the range

730-770 mm Hg may be ignored, and the sathratidn vépour

‘pressure, Ps, may be taken to vary with temperature, T,

according to a law of the form

where

Pg=ATP

A and n are constants.

If these assumptions are made, the formila for the

increase in capacitance, C over that in dry air, due
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solely to changes in the permittivity of air, will be

1,39 Htl*3

where, |
H = relative humidity in %

t = temperature in °c.

This formula applies over the range O=70X relative humidity
and 10°-30°C temperature.

- It must be emphasized that the formula is completely
empirical, and only applies over the rahge of parometric
pressure 730-770 mm Hg, O-70X relative humidity, éhd
10°-30°C temperature, it may, however, be of use¢ as giving
a fair indication of the minimum probablé change in capaci~
tance, withéut the need of tables of safuration Vapour prew

ssure. Due to presence of humidity sén81tivity is increased

4.4 CAPACITANCE TRANSDUCER WITH SOLID DIELECTRIC OF
VARIABLE PERMITTIVITY i.e. EFFECT UF MOISTURE
CONTENT (4)

As the moisture content of a fabric changes there
persists an increase in permittivity of the solid dielectric.

The effect of fringing eliminated by means of guard
plate arrangement as shown in fig. 4.12. The ¢apacitance
of a condenser with two parallel plates of active atea
A(cm2) at a distance a (cm) &apart, and with a4 solid diele~-
ctric material of conssant thickness d (cm), but variable
- permittivity € , is -
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_ A
¢ = (a-d+d/€ )

Let due to change in the moisture content of a fabric,
an increase in permittivity of the solid dielectric is 9

which increases the capacitance by oC, hence

Hence fractional change in capacitance 3C/C can be shown
to be '

dC ¢ N. 1
C T € T2 TIING(EEET
where the sensitivity factor

N

1
2% "1+ €(a=d)/d

and the non-linearity factor

N o <Efa=d)/d _
3 1+ a-d)/d =

It is seen that a material of low permittivity gives

the highest sensitivity and best linearity.

4,5  EFFECT OF_VIBRATIONT(QQ

~Let a system consists of two electrodes A and B
which together form a capacitor Cy as shown in fig, 4.13.
The surface of one electrode may be ait9§ed by spplying =
the material to be investigated, to it. If E; iff the
potential difference between the électrode surféé¢$53
Q = CoEc. charge of the capacitor. Any change of cagﬁciv

tance will cause a current (neglecting R) of
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dac 4
= 99 _ —2 4 ¢ 9Ec¢
=Rk 5+ %5

under steady state condition (E. = constant) the secotid

term vanishes.

.  dCe
leee , 1= E.. o2

A driving mechanism M causes one éle¢ctrode to osci+
1late with a frequency F (angular velocity w = 2%f) by an
amount # d about its middie position. If d is small comp-

ared to the average distance d, the capacitance can be
expressed by

C= C0 (1=~ d/d §in wt)
and the current is

1 = -E; wCy 3/d cos wt

- C = Cy(l- 3/d sin wt)

C-Co = = 3/d sin wt x G,

3C = (~=3/d sin wt).C,
Sedsitivity for‘fractional change in-CapacitahCG :

3 3 sin wt
: a
Co = ‘{a
€
S =~ d2 sin wt.

where a = area of plate.
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CHAPT ER-V

A NEW BRIDGE CIRCUIT FOR CONTINUOUSLY
MEASURING CAPACITANCE CHANGES AND SENSITIVITY

5.1 INTRODUCTION

In capacitive devices, a central plate, usually
"earthed, is displaced between two fixed plates. It is
desirable that during displacements, when oné capacitance
is increasing at the expense of the second, the lingarity‘
of the differential capacitance should provide a lipear
measurement. Two known methods are the orxdinary bridge,
and a recently developed pseudo bridge based én an opeéra-

tional amplifier (1). Both shown schematically in fig.5.1(a)
and (b).

5.2 ANALYSIS
Assuming that the detector is of high impedance, tﬁe

transfer function of the ordinary bridge =

= N .
17 Z,+2, 2 Zy+Z,
Vo = ;.'+z" » Vg = —Y.Z‘z‘—
1742 Z3tZ,
E V. Z2 v. 24
= -
Z)+7, Z3+2Z,
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(b)) PSEUDO BRIDGE
FIG. S5 (b)
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Close to balance, the transfer function may be considered
as 3 linear function of impedance. For large deviation '

linear behaviour is not attained. Rewritten transfer

function as :

e W e T

B 142,02)  MZyZ3

In this case linearity at the detector is possible

for large deviations from balance under the condition
Zo/Z) <1, Z,/24 << L
T _@22/21 = 24/24
In this case, linearity is achieved with a possible
loss of sensitivity, and so it 1s not practical,

Linearity can be preserved in the pseudo bridge,
transfer function is, according to =
24/ 23-2,/ 2y o , |
l+Z4/23;' » ONly 22/2l is allowed to vary.
For a difference measurement between both sides of the

T =

bridge, this condition no longer holds, Far double sided

operation, the linearity is in fact eéven poorer than in

the case of the simple bridge. An arrangement of similar .

type 1s used in a commercial device.

The arrangement shown in fig: 5.2(a) is capable of
operating linearly over a considerable part of the capaci-

tance range. This bridge comprises two similar feed=back

88



Coa=Cy =01
Rs 1ML
Za:2Z4g
C;=09UF»jOCT
Cas<o0auF

|
|

H

R

1

C2

| +

FIG. S-2 (Q)

TRANSDUCER

Fig. 52 (b)




90

amplifier circuits. The transfer functions for upper and

lower circuits are -

AR VA Z,4+2
) A : _ -3 "4
TU = Zl TL - '-"Za""'
v(z, +23)
V(\Z,+Z,) . 4
, A/ = =2 1=
I = Z,2,/%,+2, “EI%;”" 2 2324724 3 Z3e2,
- V(Z!+22) V(Z4+z3)
") Z,-2, ‘ T 2. 7,
V(Z+¢3)
AR M
u= \/Z Zl
2,42
= (473
L=y

These relations ohly hold in the case of amplifiers
with a high open-loop gain. Combined transfer function of
bridge :

T=Ty-T.

Z, and Z; represented by the variable ¢apacitors in
the differential transducer. If Zl and Zy purely capacitive
and equal to l/ijl and l/jw03 then

i = jw(ZQCl - z4c3)

If Z, and 2, are chosen to be equal, then
which is proportional to the difference between the two

oppositely varying capacitors., This is a truly linear

capaéitive instrument, both in a differential and in one~
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sided operation. For the circuit fig. 5:2(b) *T* is given
by -

_ -~ 1 S
2y = 24 = 2 ) = T7Regwc; 2" & T T7REGwe,

-~
"

Z[(1/R+3wC,) = (1/R+3iwC3)]

T= ij(Cl-C3)

This is an improved system, making use of more compéq
tible operational amplifiers. These have knees in their
frequency characteristic far in excess of the operating
frequency and at the same time posses a higher open loop
gain than the amplifiers used previously, In this way it
1s expected that the instrument will mare closely adhere

to the ideal linear expansion,

5.3  EXPERIMENTAL VARIFICATION

It is seen experimentally that wheén Cl is varied

from 10 pF to [OOQ WF out put varies linearly.as shovn
in fig. 5.3.

9 9% #*
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CHAPTER=VY

CONCLUSION AND SCOPE FOR FUTURE WORK

In the present work, the'sehsit1v1ty analysis of
capacitive pick-ups has been carried out for differerit
configurations. The sénsitivity of bridges used for.measu&
rement of capacitance has been calculated and variation of
sensitivity with the change in bridge parameter has beer
plotted. Influence of environmental parameteis has also

been studied on the value of capacitance and its sensitivity.

Bridges used for sensitivity measurement are De
Sauty's, Schearing and Wien's bridge. It is seen that
sensitivity of De Sauty's bridge'is constant. Sensitivity
of Shearing bridge has been calculated in two steps varia-
tions in resistance R, and variation in capacitance G,, The
sensitivitj decreases with the increase in value of 34 and
increases with the increase in value of Cqe Sengitivity
of Wien's bridge decreases with the increase in value of

bridge parameters i.e. resistance,

Environmental pardmeters such as temperature, vibra-

tion, moisture, pressure adversely affects the sensitivity
of capacitive pick-ups.

Sensitivity can be increased by two methods one is

by Rotary motion and another by using serrated typé trans+
ducer. -
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In future scope of the work, a briage circuit scheme
for sensitivity analysis of the cabacitiVe pick=ups can be
developed by using a intelligent combination of hardware
and software capabilities of microprocessors and micro-

computers.,

*hu ¥
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