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ABTRACT 

Pick-ups may be defined as device which trartsfrms 

energy from one form to othero çapci4Ve tra dUces Work 

on the principle of change in cpadtance, cusèd.y charge 

in overlapping area, and chare in distance bet-wen plates 

or change in dielectric constant. Q4pacitivè pick-ups can 

be used for the measurement of le'ngthi thickness, level, dis-

placement, humidity etc. 

The sensitivity of a bridge measurement may be regarded 

as the accuracy with which balance is achieved. It is expre 

ssed in terms of the smallest response of the detector which 

can be observed with re1iabi1ty. The capa.citoride4 are gene-

rally used in bridge circuits for detecting the Chooes in 

their values, 

In this dissertation analysis has been carried out for 

the sensitivity analysis of dIfferent types of capacitive 

pick-ups. The influence of environmental parte1' oh capaci- 
St 

tors has been studied and an 	trUmertJas alSO Oeeo 06Velopeq 

for continuous measurement ofcapacitance chahs. The páci- 
tance changes does not affect the Sensitivity  the bri.ge. 

The sensitivity of the developed pick-up can be very accura-

tely determined by using this bridge circuit. 
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CHAPt ER'I 

IQN 

1.1 	INTRODUCTION  

In order to measure nOnlectricj quani15 a pick—vp 
is used. It tonvert6 the physical quantity into a, 	 placement. 
This displacement actuates an electric trnsducer which acting 

as secondary transducer and gives an output that is eltrical 
in nature. The electrical signal may be current, voltage or 

a frequency. These signals are generated by the change ir 
basic electrical parameters like, resistance, capacitance and 
inductance (8). 

A transducer, in generi fOrm, May be defined as a 
device which converts energy frQ 	to a!othe±. H9w 
ever, this definition has to be restricted, many a  ti0pst-00io  

cially in the field of electricaj insrtrnentatiop on accont 

of this transducer ma be defined  as a device whch  converts 

a physical quantity or physical coihditqn n- 	ri øltrical 
signal. Mother name for a traij#duoot tM pk1 or SeP. 

The transducer may be thought of doMi0.*ih§ two impot. 

tant parts Ci) Sensing Element (ii) Transduction element. 

(i) SensitEiement : A detecør or tensing e1ent is that 

part of a transducer which responds to a physical  phènomefloh 

or a change in a physical phenomenon. It is alSo called os 
primary element. 



(ii) Trans duction.letnent : It transform the 9utpit of a 

sensing element to an electrical output. It is BS0 called 
as secondary element. 

The sensitiveness of the pick—ups ib also irnpoantO.d 

it should be as high as possible so that a i4nizrn variation 

can be detected, 

1.2 	ADV6AAGES,  

There are number of transducers which transform a 

variety of physical qiantities and 	enornena  to Qibdtticol  

signals. The advailtage of convert' ng pyc4 Odh#tios 

into analogous electrical quantities are as fo11W$ 04 

(i) M,1ifiction and attenuation of elect ic4 signal can 

be carried out easily and that too with static electronic 

devices and circuits1  

(ii) The mazYrinertia effects are minimi4dd whon. delaying 

with electrical or electronic signals, the inertia effectS 

are due to electrons which have negligible rnaA. 

(iii) The effects of friction are minimized, 

(iv) The electrical or electronic systems can be ctcled 
with a very small power level. 

(v) The electrical outpu can be easily used, trnsMtte4, 

and processed for the purpose Of flaSurmento 
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(vi) Telemetry is used in alm9St all 	 méasu:, 

ment Systems. This ccplete1y eliniinates th dØa 	nffli 

ssion through mechanical means apd hence e.ectriCa1 Ohd 

electronic principles hale to be employed fqr these concjitions. 

In shor t  it ban be stated that the reasons 
forming a physical phenomenon into electrical f0tths is that 

the electrical output can be easily used, transmitted Md 

processed for the p'bSe of measurement and COntrol. Mbd6ifi  

digital corruters make the use of these traSducers abSolu-
tely essential. In data a4t6fl system Wkih are  a. now a 
micro prcessos and m.cro óoutèrs based have first element 
as transducers, sensor or pcp. 

1.3 	ELEcTRIcAL __PHEN04•A VSP-D IN rMwu.cR

The different electrical phenomera c8) exploited 

transformation in transduction el 14 	g transdiicer are 85 
follows 

(1) Resistive change (2) Inductive change (3) cáciie change 

(4) Electromagnetic change (5) Pizo elecric change (6) 'lana—

tion in ionization (7) Photo electric effect(8) Photo cndu-

ctive, effect (9) Photo voltaic effect (i9) Potentiomeric 
change (11) Thermo-electric effect (12) Electro kinematic 

effect. 

Table 1.1 shows the c1asSificatOfl, pri.nciple Of 	- 

nsduction, and application of various type of transducers 
according to different principles involved in process of 
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transformation. 

Capacitive transducers are one of the most commonly 
used pick—up in the field of measurement, Control and 
telemetry. These have some distinct advaitages and dis-

advantages over the other category of the pick-ups. Follow-

ing section highlights the i portapt features and applica-

tions of capacitive pick—ups. 

1.3.1 Important Features of Capacitive Pick,-upS (8 , 

The impprtant features of capacitive pck—ups are 

as follows 

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

(ii) They are extremely sensitive. 

(iii) 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 impedance and therefore the 
loading effects are minimum. 

(v) A resolution of the order of .2.5z10 3  tri can be 
obtained with these transducers. 

(vi) The capacitive transducers can be used for appliea— 
tions where stray magnetic field tender the inductive 
transducer useless. 

(vii) The force requirements of capacitive transducers is 
very small and therefore they require small poWer to 
operate. 



Table.. ,i 

Types of Electrical Thansducer8 

El 
	

Principle or o 	n p eratio 
parameter and 
class of 
transducer 

1 

cal Ap.iça -  . 
S 

3 

Passive transducers (exterñally poOed) 

Resistance 

Potentiometer 
device 

Positioning of the slider Pessue 	dsu 
piacetnenL by an external force varies 

the resistance in a poten- 
tiometer or a bridge 
circuit. 

Resistance Resistance of a wire  or Foice, toqe, 
strain gauge semiconductor is changed displacement. 

by elongation or 	pze 
scion due to externally 
applied Stress. 

Pirani gauge or Resistance of a heating qs flow, gas 
hot wire meter element is varied by con- pEessrè. 

vection cooling of a 
Stream of 	a. 

Resistance Resistance of pure meal Tethpe±attre, 
thermometer wire with a large positive radiant heat. 

temperature co-efficient 
of resistance varies with 
temperatUre 

Thermistor Resistance of i'ertain Teerate, 
metal oxides With negative fl ow. 
teerature coefficient of 
resistance varies with 
temperature. 

Resistance 	Resistance of a conductive Relative humJjtyi 
hygrometer 	strip changes with moisture 

Content. 

Photoconductive 	Resistance of the cell as 	PhotOs6n5itivé 
cell 	a circuit element varies 	re  ay. 

with incidért light. 

4 0 0 
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Capacitance 	Distance between two para-  plemet, 
variable capa-  llel plates is varied by an Oiespurai.  
citance pressure externally applied force 
gauge. 

Capacitor  Sound pressure varies thepeegh, muSic, 
microphone capacitante between a 	n1.se, 

fixed plate and a movable 
iaphargm. 

Dielectric  Variation in capacitance  Liquid level, 
gauge  by changes in the dialect-- thickness. 

ri C. 
Inductance Self-inductance or. mutual Pessurè, 
Magnetic inductance of a.c, excited displacement. 
circuit coil is varied by changes 
transducer in the magnetic circuit. 

Reluctance Reluctance Of the magnetic Pressure, dis- 
pick-up circuits is varied by chan- plaemet Vj.bra- 

ging the position of the tion, position. 
iron core of a coil. 

Difrerential The differential voltage of Pressure, force, 
transformer two secondary windings of a displacement, 

transformer is varied by position, 
positiOnng the magnetic 
core through an externality 
applied force. 

Eddy current Inductance of a coil is .páement o  
gauge varied by the proximity of thickhéss, 

an eddy curreni, plate. 

Magnetostriction. Magnetic properties are Fordo, pressure, 
gauge varied by prèssué and Sound. 

stress. 

Voltage and 
turren t 

Hall effect  A potential difference Is  MagetJc flux, 
pick-up  generated across a semicon- cur ren. 

ductôr plate (germanium) 
When magnetic flux inter-
acts with an applied current. 

6 
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Ionization 
chamber 

Photoemissive 
cell 

Photomultiplier 
tube 

2 

Electron flow induced by 
ionization of gas due to 
radio-active radiation. 

Electron emission due to 
incident radiation upon 
photoemissive surface. 

Secondary election emission 
due to incident radiation 
on photosensitive cathode, 

3 

Particle counting, 
radi at ion. 

Light and 
radiatibn. 

Light and radia- ti:ol, photosensi- 
tive relays. 

7 

Self-generating transducers (no external power) 

Thermocouple and An emf is generated across Temperature; heat 
thermopile 	the junction of two disci- floW, rads tion, 

milar metals or semicondu- 
ctors when that junction 
is heated. 

Moving coil 	Motion of a coil in a magi- Velocity; vibration. 
generator 	netic field generates a 

voltage. 

Piezoelectric 	An emf is generated when  Sound; yibratidn, 
pick-up 	an external force is appl- acceleration, ied to certain crystalline pressure changes. 

materials, such as quartz. 

Photovoltaic 	A voltage is generated in 	Light meter, 
a semiconductor junction 	solar cell. - 
device when radiant energy 
stimulates the cell. 



1.3.2 Use of Capacitive Pick-ups (8) 
There are many uses of capacitive pickps some Of 

them are as follows : 

(i) Capacitive transducers can be used for measurethent 

of both linear and angulai dispacements. The 
citive transducers are highly sensitive and can be 
used for measurement of extremely sma I displacements 

down to the order of melecular dimensions i.e. 

Eon. 

(ii) They can be used for measurement of large di: stancé& 

upto about 3U m as in aeroplane aitirete$. The 

change in displacement method is qenerai.y Pxeferale 

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 mid. 

(iii) Capacitive transducers can be used for measurement 
of force and pressure. The force and pressure to be 

measured are first converted to diopXaoOpaent which 

causes a change of  itáncé. 

(iv) Capacitive transducers can be used directly as preès-
ure transducers in all those cases where the die1ectic 

constant ofa medium changes with presu±e, 
(v) Capacitive transducers are used for iti6atuip~e  of  

humidity in gases since the diele tc cQstaflt Of 

gases changes with change in humidity thereby prä- 

ducing a change in capacitance4 - 
cO o,o•,64St. 

-fo 	d2e4Qt 	COtG 	I0002-4 	 Øji4 JJøoeSq3. 

(vi) Capacitive transducers are commonly used in conjun-

ction with mechanical modifiers f6t measurement of 

volume, density, liquid level, weight etc. 



1.4 	ORGANIZATICN OF TI-IL DISSERTATION 

The work in this dissertation has been caied out 
around analysis of capacitive pickups. After irductión 
in Chapter-I, the detail of various types of pitive 

pick-ups and their applications to different fields are 

discussed in Chapter-II. This chapter inc ides the p.n- 

ciple of transduction of various types Of Capa 	ye ic 
ups based on change in their §OQ'm6ity due to v6#Atioo ib 
plate area, displaoement beweefl the plates, and the Chaq4 

in dielectric medium. The corarat1ve study is given for 

capacitive pick-ups with 	spect to resistive 	flduCtie 

transducers. 

Chapter'-III deals with the sensitivity 0041.ysis of 
the capacitive pick-ups in various bridge cnfiuratiófls 
Both current and voltage sensitivity have been caiçuiata 

for different configurations. The methods are suggested for 

measuring the sensitivity of the pick-ups. 

The influence of environmental peers is disCu5sed 

in Chapter-IV. Basically the effect of VaAa oh i tee-

rature, pressure, humidity and vibration is studied. 

Chapter-'V.deals With àh r 1. 	ettatj.oi Stem whiCh 

has been designed, developed and tested for cbflinuously, 

measuring the change in capacitance With greatG sensitiyity. 
This bridge circuit can be used tot det 	ri the sensiti- 

vity of capacitive elements practically. 
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Conclusions and scope for future s 	are presented 
in Chapter VI. 

****4 
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CWT ER—I I.  
CAPACITIVE TWS.WQAM 

2.1 	PRINCIPLE OF QPEAATICN (8) 

The principle of operation of capacitive  transducers 

is based upon the familiar equation for capacitance of a 
parallel plate capacitor. 

where, 

C is the capacitance value of the capad.to, 

A is overlapping area of plates i 

d is the distance between two pes in 	and 
is permittivity (dielectric constaJzt) in F/rn. 

The capacitive transducer Work o the p ncipie .f 

change of capacitance Which may be u$e4 b 

(i) Change in Overlapping erea 4, 

(ii) Change in distance d between the pie, 

(iii) Change in dielectric constant. 

These changes are caused by pal variables like 

displacement, force, pressure in most  of t44 cases. The 
change in capacitance May be caused by change in d±elctric 

constant as is the case in measurement of li4Uid or gas. 

levels. 

The capacitance may be measured With P; .tdoO circuits. 

The output impedance of a capacitiVe i#an6dudt is 

= 2nfc 



wh ere 

Z is the output inedance 

f is the freqtency 

C is the capacitance 

The capacitive transducers are gon1y 060d fpr 

measurement of linear displacements. These ttiosdoobrs 
use the following effects 

(1) 
 

Change in capacitance due to change in ovérlappig 
area of plates. 

Change in capacitance due to chaztye in distinçe 
between the two plates. 

2.2 
 

TRANSDUCERS USING CHANGE IN AREA OF ?LE$ (8) 

It is found that capacitance is directly p*oroflal 

to the area A of the plates. Thus cape itances ctange$ 
linearly with change in area of plates. I JOC60 this type 
of transducer is useful for measurement of moderate tp 
large displacement say from 1 rpm to Several cm. The area 
changes linearly with displacement and 61to tte ctEc6 

as shown in the figure 2.16 The initial 	 ity i 
due to edge effects. 

For a parallel plate capacitør, tie pitae 
equals to 

_uiw 
d  d 

where, 

1 is the length of overlapping part of plates in m., 
and w is the width of overlapping part of plates 
in ni. 

12 
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J 
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MAx, 

u 
L 

~ U 

MIM. L 

---ANGULAR UtSPLACEMENT 
MIN 	 Q 	 MAX, 

FIG. 2-2(a)4(b) 
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The sensitivity is defined as 

s "=EW F/m 
The sensitivity is constant and therefore there is 

linear relationship between capacitance and displacement. 

Sensitivity for a fractional change in capacitance 

S~ — cc 

This type of a capacitive transducer' is sQitable for 
measurement of linear displacements ranging from 1 to 10 cm. 
The accuracy is as high as u,005 r; 

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. One piate is fj.zed 
and the other is movable. The angular displacement to ie 

measured is applied to movable plate. The angular displace-, 

ment changes the effective area between the plates and thus 

changes the capacitance. The capacitance is maximum when 

the two plates completely overlap each other i.e. when 

= 180°. 

_EA n( r2 
Cmax — d 

_ 
— 2d 

2 
Capacitance at angle 0 is C = 	0 

6 = angular displacement in radiai*. 

2 
Sensitivity $ = 	c = -° a6  2d 

The capacitor configuration and its response are 
shown in fig. 2.2(a) and (b) respectively,. 
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Above mentioned capacitive traduce  be 4se4 

for a maximum angular displacement of 180°. 

2.3 	TRANSDUCERSUSING CHAN(i IN DISTANC 08 'W4EN PLATESB) 
Figure 2.3 shows the basic ford Of a eapa.citiVe 

ducer utilizing the effect of change of capaa~teAoe with 
change in distance between the two plates. 

One is fixed plate and displacement to be ;Ieasured 

is applied to the other plate which is npvable. Sir~ce i the 
capacitance C, varies inversely as the distance d, betv~een 
the plates the response of the transducer is not ,l kear to 

it is used for the measurements of e.Xtremoly Small displace-
ments. The sensitivity for this configuration is expressed 
as, 

Sensitivity S = aa-d = - 42 
d 

Sensitivity of this type f transducer is not linear 
but varies over the range of the transducer as bhO*n in 
fig. 2.31. Thus transducer exhibits hone r characteris-
tics. 

Variable Separation (4) : The variation of capacitance 
between the plates with the distance between them is hyper-

bolic and is only approximately linear over a small range 

of displacement but by inserting a piece o f mica, thinner 
than the gap minimum distance, between the plates a linear 

characteristic can be approached. 
S == Co Et' 

d 
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The smaller the separation between the plats  the 

greater the sensitivity but a practical 1i.t is set by 
the voltage breakdown of the air in the gap t  eiectic 

field strength of 3 Ky/mm. 

If the simple type  of capacitor jist d!aCred is  
modified so that it not two fixed plates a à'rnab1e plte 
which is mounted between té fixed plates So hd the 4646  

placement increases the gap between  it. 00 Ono plate  and 

decreases the gap between it and the other plate, the 

capacitance between the moveable plate and the two  fixed 

plates also increases and decreaØs reSpeUv1y. 

P1  and 
'2  are the fixed plates and M the movable 

plate form the two capacitors Cand Q2• WheX M is M.Oway 
between P1  and P 2  and distanced meter from themkCapaci-
tance Cl  and C2  are equal-If now M is mbVd bt  dj.tdnce 

x meter, *)eh 

- C , __x 1 d°-* + x 2  

There are two ways of using these da, p aci  ton ae. 

Wither the differenôes between them or the ratio  of thØ 

is used. 

(a) Difference 

EC 

12 
 2 

Ec'Ero 
E  E. d-x, 
1 G.,ck •AO 

d-x 

d+x 

d.-  -- 
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FE 

-,I- 
E d-x 

= d d+x 

• d.eC - E 2d 

= E 2d 

E1-E2 =E  =E 

versus x is a linear relatIonship 

Sensitivity S = lax 

(b) Ratio 

EEO 
C 

2 
 ___ 	-•• 

The output varies in a flon.4liflØar iaanoOTWj.th 

placement although for very small disp1acernent.Whfl d >> x, 

N 1 -  . For x  devIation f±Om linearity is abdut 

20 . The differential iflthod has been used 	displace-p 

ments of io8 mm to 10 mm with an accuracy of 0,1 X. 

2.4 	TRANSWCERS USING CHANGE IN DIELECTRIC CONSTANT(8) 

The third principle used in capacitive transducers 

is the variation Of capacitance due to charge io 4electric 

cOnstant. Fig. 2.4 shows a capcitve transducers for 

measurement of linear dispacement working op the above 

mentioned principle. It has a dielecfric of re1tive 

permittivity Er. 

	

Initial capacitance of transducer = C = 	• 

• = 	Er"24 
Let the dielectric be moved through a distaEice * in the 

direction indicated, The capacitance Changes ftqO C to 
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c+Lc jeiv. 

C +tC E 	(i 1—x) 	Co 

Eo 	Ll-—x + Er (12+x)) 

= 0 [j1+ r 12+x( (r4)) 

= C+(o 	(€r—) d 

	

Change in capacitance EC 	Co M ( 

Hence the change in capacitance it ppoion]. to dis-. 
placement. 

2.5 APPLICATIONS 

2.5.1 Measurement of Length anal Thckes.$(. 

The capacitance between two electrOdes Of 
sectional area a m and distance d meter apa ié  

d pf where E  is the dielfactti6 contart of tho mediiifl 

between the plates. 

If plates of radius r meter are used whre r>>d, to 

that fringing effects can be ne1ected. The capacitance 

value is given by the relation 
2 

C 21.8 C 	of 

This method is applicable for thickness rnéatire 

ment of thin insulating layers. Minimum thickness which 

can be measured is determined by  the voltage At which 

break—down of the insulation occurs. 

It will be noted that the value of itapacitah.ce 

depends upon the value of ( . If C is constant the v4ue 

of capacitance is inversely proportional tQ the 4stapco 



between the plates, but keépig E constantover 4 long 

period is difficult as the degree of humidity affects 
the value of € 

2.5.2 MeaSurement of Angular bisplatoment (5) 

The only type of capacite t.a sdUcêr used for 
angular displacement is the variable a±ea type and a 
single and a differential capacitive transducer as shàwn 
in fig. 2.52(a) and (b). The characterstc C * f(Ø) 
can be modified by appropriate shaping of the movable 
plate. By using multiplate capacitoS it is possible 
to increase the sensitivity. 

The range of 3600  can be opaine 	th 4,10 	curac 

of ± 0.1 $ and the law governing the relationship between 
the capacitance and the angular dispaeept 400tqOt on 
the shape of the plates. 

2.,3 Measurement of Angular Velocity () 

A capacitive tachometer can be Uiad9 by tg 

for a capacitor to be charged from a Source bf dirrott 

voltage a poriófl of the revolution of tte shat .d d4aw 

charged through a meter fpr another pötion Ofrlutioh 

(4)4 The average discharge current I is prOpotiØna1 to 

the rate of operation W. 
I=CEN 

where C is the value of the capacitor and E is the Value 
of the charging voltage, N 1,5 ke )tc 	O O±J.O 
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Fig. 2.53(b) shows a slightly different version 
10 

which provides an output current whose polarity depnds 

on the direction of átiOn. 

2.5.4 Measurement of Level (5)  

Capacitive method uses variable area afld can be 

used for conducting solids or liquids. 

C 21,Eh 
= 

where, 

is absolute permittivity of the insulation 
h is height of the liqi4d or solid in m. 

is dia of metal rod in m, 

is external dia. of insulator in M. 

The container should be•earthed to avoid any danger 

of electric shock and to prevent any .errs due to etepal 

metal objects. 

An auxiliary electrode P1  is placed at a fix4d.  dis-

tance above and electrically insulated froiR the røferéncO 
electrode P2. An alternating voltage is applied SWe' 

the liquid and the electrode Pp The e,trde i, eSsmë 

an alternating potential between zero and that of  
varies with liquid level 

E0 = Ea 	Volts 

wherO, 

Ea is the applied potential in V 

Cl is capacitance between P and P in 1 
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C2  is. capacitance between P 2  and Surf 494 of 

the liquid in F. This is inversely ppottioial 
to the distance bet de" the liquid surface Øi P2  

H0  decreases with rise of liquid lev6l Otid the 
relationship it) non-linear, 

By using a Servo-system to move the two electrodes 
P1  and P2  up and down and keep the distaCe between  P 2  and 

the liquid constant a more accurate system can bO made. 

The minimum distance from the liquid for P2  is 2.5 ç. 

The servo system is actually a conversion from level to 

displacement and then the level change is road by a di -

placement transducer. The range is 4,5 C;,, V,4t4 ar accu- 

racy, of Ilk X full scale. The linearity of the 2 
system is very poor but that of the servo Systeii it that 

of the displacement transducer. 

If the liquid is hon-çondUctng1 ther' it, can be 

used as the dielectric in a capacitor. The ectro4es 

are normally two concentric cylinders* Fi4r'e  2454(2) 

At the lower end of the outer cylihder are hoes which 

allow ingress to the liquid. If small 'eriouqhthese holes 

provide mechanical damping of the surface vaatiun, 

The capacitance of a cylindrical capacitor is 

C - 
= 2 iCr2/r1) 

where, 

E is absolute permittivity of the mediu btW$fl 
the cylinders. 

h is length of the cylinders in . 
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ri  and r2  are the radii of the cylifldr SuceS 
enclosing the liquid. 

If the cylinder is partly filled With iiqtiid, they 

capacitance C when h >> r2  and  

C 2%  

To avoid errors de to external object 	outer 
cylinder should be éarthed. It practice 404$i65  betwee 

± 5 Y. and ± 10 Y. and linearit±es of 2,  $ to 	are otaiflable. 

Advantages : Can be used for solids or iiqiid, 

Disgavantages 	Material must be cOnductirg. 

2.5.5 Measurement. of Humidity and Water content (5)  

Range 
	0— 1.QO$ 

Accuracy 

Linearity Non-linear 

Disadvantages Equilibrium takes 104()O S to be 
established., 	pac4tar.e van es by 
a factor of 100 	U and 1QQ Y. 
hid.ty, 

Measurement of Water. gqntefit 

Range 	10 ppm to saturation 
Acuacy 	± 2 Y. 

Linearity 	Linear 

Advantages Can detect 1 ppm 

The microwave refractometer consists of a cavity 
whose resonant frequency varies with the djolottrtd constant 



of the material in the cavity. If f1  is the resonant 

frequency of the cavity when it is filled with a dry 

gas (dielectric constant (i ) and f the resonant frequency2  
with the cavity filled with wet gas (dielectric t0hstant Ej. 

(f, 2 

A schematic diagram of the system used is Shpwn ifl 
figure 2.55. Two resonant cavities are 6xdtOo by a 
wave source K (a I(lystron). 

The resonance in each CaVItYè 	dic1:èd bY the 

output from a crystal diode,D, D2  A frequency md4a-
tor S shifts the KlystrQnfreq4ency iA a SaWtøPth finer 
as shown. If the two gases in the Cavities Ve01ffe;Øflt 

dielectric constants, reSonance will occur in one 

followed a little later in time by resonance in the other 
cavity. The time interval,, 4 T between the two eSonarces. 

The proportion of one substance mixed with dissOl',ed 

or absorbed in another can be determined by measiriflg the 
dielectric constant of the mixture, S61UQI Or Other 

combination provided the variatiots cause th 	eetric 
constant to vary by. a Sufficiently large ao4nt. Since 

the dielectric constant o f most insulating solos or 
fluids i$ less than 10 and that of water &s 810 this is 

a reasonable means of measü±ig o.StUre 	teit. The 

material is placed between the pl4tes of a cpactOr in 

one arm bridge while a similair capaitor. With a y sample 

of the same material is in an adjacent #iu Of the b:.dge. 
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However, the law concentration Of Wate; in gaéi$ 
even at saturation, causes only a very srnal. change iti  

the dielectric constant (for dry air at 45004 	1,Q00,247 

at saturation r = 1.000593). A transdjcer for rneásring 
the small change consists of two concentric ylinde;S, 

between which the gas is bloWfl, forming a cylindEical 

capacior. The outer tube is thermally iflu1atØd and 
heated slightly to prevent condeflsatiOfl. This d6poqjt# 

forms the frequency determining element in an Qsci4lator 
operating at 2 MHz. A change in fruency  is 4a6 by 
the presence of water vapour in the gas, its jnogh td9 

depending on the quantity of water  vapogri 

The dynamic response depnds on too v€lOçiy of the 
gas through the transducer, but 50 of ini, $60646e has 
been reached in 100 . The system can 4ete4* chags of  
1 mg. of water vapour per litrØ of gà.ill 

to the difference between the resonance feenieS 

In the practical form of transducer ai4i balance 
technique is used, in which a servo system a1tErstte 
volume and hence the resgraht frequency of the cavity until 

both cavities resonate at the same fréquency ie gas 

temperature and pressure in both cavities are kept Con6t5nt 

and the output is then directly calibrated In yapOur pre-
ssure. 

The response time is limited by the flow of gas 

through the caviti.eS. The time Constaht x apo4' 

10 S. 



An accuracy of + 0.5 deg.C, is possible for d001  

point measurement between —400C and +40°C. 

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

A method particulac. ly suited for i.iqiids ad vry 

often used for measurement of oil contamiraic,fl and the 

salintly of water uses the change in 0i8eCiCI 0ostflt 
of the solution with addition of containafl5. Ptovtded 

the difference is large enough it pan be us64 a a meAoUre 
of the amount of added material. 

A cell containing the specimen ofsói.utiOn, which 
can be a section cd pipe thx ugh which the solution f;OWsj  

has two plane electrodes placed in it. Any Change in the 
concentration of the additive or any contamination produes 
a change in capacitance between the electrocils Which is a 
measure of the amount of additive or  O'brit4mitiant. Raflge 
is 2 parts in 10  to maximum saturation of S*ivefr, Ds-

advantage is that it measures disso.vd water in non-

volatile liquid only. 

2.5.1 Measurement of Temperatures (5) 

The dielectric constant of some isultos and  
semiconductors varies with temperature 00d a capaitr nUdè 
with such a material as di.electric changes it,  5 capacitance 

with temperature. 
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The dielectric material used in a t nsducer of 
this type has to be carefully hosep as sere 	eri4,s 

exhibit very large charges of dielectric constant with 

temperature but also exhibit large hysteresis of C30* 

Other although having large diéléctiC 	*ha;ges 

increases their dielectric losseS With trature to 
such a' degree that it is impatcal to use tIei', fp 

transducer work. 

Range of measurement is -.4Q0C to +16Q10pt  Linearity 

is ± i X. The disadvantage is that the diiØCtri4 has to  
be carefully choosen. 

2.6 	CUPAR.ISON WITH RESISTIVE AND INDUCTIVE TYPE 
TRANSDUCERS  

2.6.1 Resistive. Tra.ns,ducers (8 

The measurement of thango it resistance are prØéed 
to those employing other variab4.Ss. This is becoote both 

alternating as well as dtect currents and voltages are 

suitable for resistance rge,asutemeot. 

The resistance otm4l conductor' is e)cp$ssed by 

A 

where, 
R is the resistance in -P- 
L is the length of conductor in m. 

A is cross-sectional area of conducto in 

f is the resistivity of conductor material in 



There are number of ways in which resistance can 

be changed by a physical phenomenon. The trSlatiOfläl 
and rotational potentiometers which work on the botio of 

change in the value of resistance With tha1ge in lengt 
of the conductor can be used for measurement Of trans-
lational or rotary displaceinent&. Strain 06UO04 Work 
on the principle that the resistance of a e*nctor or 
a semi—conductor changes when strired. Thto property 

can be used for mea5uremeht Of dsp cemOttt, * an 

pressure. The resistivity of teri1 it 
change of temperature thus causing a change irs esistançe 

The property may be used for measurement of temperatures 
Thus electrical resistance transducers have a Wide field 
of application. 

otentiOmeters : Consider a translational potenibmeter 
as shown in fig. 2.6. 

Let ei = input voltage, V, Rp = total resistance of 
potentipe, r 

xt = total length of translational pot, fl# 
xi = displacement of the slider from I.tS 0 postiOfl, 
eo = output voltage, V 

= (sistan.ce at OutpUt terminals, ) x input voltáë eo - resistance at the input terminal p 

.R/xt xxi 
 — 

 

)xei= 	ei 
p 

Under ideal Condn. eo varies linearly With diSplacement. 
eo  output - 	-. 24 Sensitivity 8 = input - xi - xt 
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Under ideal condn. sensitivity is constant. Output has 

linear relationship with input as shown to fig, 2.7. 

Effect. of Tea). Resistance of metal conauctdr changes 

with change in temperature by changing the resistivity 

of material. 

Let 
oR  L 

sensitivity S = 	A 

This implies that sensitivity $ is inversely pro- 

portional to Area (A) while in capacitive piek-ups 
c~ Ed 

S a  = a , Sensitivity is directly proportional 

to Area (A). 

Sensitivity :  in order to get a high sensitivity the 

output voltage eo should be high which in turn requires 

a high input voltage ei. Due to limitations of power 

dissipation, (eimax = VPRp volts) the input voltage is 

limited by the resistance of the potentiometer. In oroer 

to keep the power dissipation at a low level, the input 

voltage should be small and resistan~Eg of 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 I. 
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Typical values of sensitivity are of the odOr 

of 200 mv/degree for a rotational pteno,r an 2i 

mv/mm. for translational pbtentioWetex,. the short Stroke 

devices have generally a high values of seflsitvity, 

Advantages of Resistive TansdUoerS over capacitive 
Transducer 

(i) They are simp.e to operate and are ve 	for 
applications.where the requirements are no4 parti'-
cularly severe. 

(ii) They are very usefu.L for measurement o la*•ge  afl11, -

tudes of disp1aceflint. 

(iii) Their electrical efficiçricy to very high Oi.d thoy  
provide sufficient output to p*it Ottol oiea 
tions.. without further apliftcat1on. 

Disadvantages of Resistive Tàn5ducrs 	 to 
Capacitive Transducer 

(i) They require large force to operate. 

(ii) They are less sensitive. 

(iii) Frequency response is hot good. 

(iv) Require large power to operate. 

2.6.2 Inductive Transduc.ers.) 

The variable inductance type transducers work Upon 

one of the following three principles 

(i) Variation of self—inductance 

(ii) Variation of mutual—jnductan ce 

(iii) Production Of eddy. currents 
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R 

where, 
N is the no. Of turns, R is the to ucanc of $o. 

magnetic curcuit, L is the $fndUctance of a cOd, 

Normally the change in s 	nuctancë AL r M 

which is change in mutual indu tance for Iñdutve rapSdu-

cers is adequate for detection for Sub8eiØnt stages Of 

instrumentation SyStem. However, if the succeØding stages 
of instrumentation respond to AL Or AMj, rather thn to 

LL or M+M the sensitivity and accuracy will be much 

higher. The transducers can be designed to p$vide two 
outputs one of which is ah inceaseOf ifldUflCe and 0t1er 

is a decrease in inductance. In resp.or*sê to 	physca]. 

signal, the inductance of one part increases 0,00 L to 
L+Lwhile that of other part deceaseS toffl L 

The change is measured as the differenCe 9f, the o resi1-  

ting in an output of 2.L instead AL when only 4 single  

winding used. This increases the sensitivity and also 

eliminates errors. 

Inductive transducer can be used for the isireffler1t 

of displacement etc. 

Advantages and Dtsad•vaiitages or InauØtivé t ers oVQr: 
Cpactive transducers 

Advantages : 

(i) Resolution is good as fine as lxlO 	n. 

(ii) Output is linear for displacements upto 5 aim 



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

Disadvantages  

(i) Capacitive transducers can be used for applications 
where stray magnetic fields render the inductive 
transducers useless, 

(ii) The dynamic response is limited. 
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CHAPTER—I 1.1 

SENSITIVITY ANALYSIS 

3.1  INTRODUCTION 

Sensitivity analysis is useful in fi{~ding the accuracy 

of a bridge higher the sensitivity better is the bilge. Know-

ing the sensitivity 

(i) Select a galvanometer with which given unpa3;ance maybe 
observed in a specified bridge arrangement. 

(ii) Determine the minimum unbalance which can be observed 

with .a given galvanometer in the specified bridge 
arrangement. 

(iii) Determine the deflection to be expected for a given 

unbalance. 

In case of capacitive pick—ups we can see that sensiti- 

vity is constant using change in area of plates but it is riot 
constant using change in distance between pates in this case 
it varies over the range of the transducer, The e cAcitive 
transducers are highly sets t.ve d an b 9~ Y 	an, o 	O 45e+ to; iarasurgment 
of extremely small displacements do to the Ode; of gioiecw .ar 

. dimensions i.e. O.lxlC7'0 nfli. This is on accotlft 	the fat 
that small capacitances changes produced on acbOta t Of small 
displacements can be measured. - In practice it: s, possib.e to 
detect capacitance change of the order of 1 aF 10~18F and 
that too with a good degree of accuracy. On the other hand 

they can be used for measurement of large distances upto about 

30 m as in aeroplane altimeters. The change in displacement 

method is generally preferable for either very s%a4l or very 



large displacements. The change in area method is used 

for measurement of displacement, ranging from 10 tori to 
100 mm and this is the advantage that by knowing the seris$i 

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 With which balance 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 Zl  assuming a given source Z6  anti detec4or 25  
are shown in fig. 3.1. 

When a certain network has been setup; ifterchangifg 

the source and detector may increase the sensitivity. The 

Z  23  = V z . z6 	22 = Y [ 6+Z ( z +zl  ) 
6 1 

z4 = f [-- 	(z6+z1) ) 
Z5 l 

rule for their relative positions is the same as for the d.c 
bridge : whichever one of Zb  and Z6  is larger than the other 
should connect the junction of the two largest consecutive 

impedances in the bridge witbxthe junction of the smallest 
consecutive impedances: We can select a brid9e of desired 

type for increasing sensitivity changes or decareasir}g serial- 
tivity changes. 
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3.2 	ANALYSIS FOR A FOUR ARM WHEAT STONE BRIDGE 

Wheat stone bridge balance in unaffected When the 

source and detector are interchanged, The criterion for 

obtaining maximum sensitivity ha* been eXpeSse4 iti nui4ber  

of ways : for example, 'Considering the battery  and 

gaivanometer, the one having the hjher xesi5tace should 

join the junction of the two hihest t6sibtafigo b4dge atmA 

to the junction of the two lowest'. The aiO4 alysis 

of this problem is comp,licated by two p phea1, taçs 

(1) Maximum sensitivity is obtained at maximum sOurce 

voltage, which in turn is determined by the al)Ow11e power 

dissipation. Hence, the two circuit arrangements should be 
compared not on the basis  of equal voltages, but on the Oasis 
of equal peak power dissipation. 

EV 

(ntr Ubr& 	or ocirI;': 
(2) The measurement accuracy depends on the galVarometer 
damping which in turn is determined by the bridge resistance 
seen at the galvanometer terminals. Hence a comPorippo Of 
sensitivity values of various bridge jartan gemgot,6 is of litd 
value unless the galvahOmeterdan,ng ratios are 	ntica1. 

According to fig. 3.2, the dimensionless sensitivjt!' 

function Spj can be defined by expressing the unbalance yO±-
tage ed asa function of the source voltage E, Thus 

SRi =
oed 	at null. 

It designates the null sensitivity to a ractional 

change in the resistance Iii. 
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3.2.1 Analysis of Ideal Bridge 

The simple case of zero source impedance and detector 
conductance RR = 0 and Rd = m is ahalysed s 

I 	 _ 	R4  R _R3-R R4  
Rl+R2 	R3 4 

R4 

 

is chosen as the unknown resister to be reaSured. The 
analysis is restricted to a bridge With two fixed *Id one 
adjustable bridge atm. There are two configurations - 

(i) 	The two fixed resistors are connected across the source, 
e, R1  and R2  are fixed R3  is adjustable, 

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

i.e. R1  and R3  are fixed, R2  is adjustable. 

These two configurations are equivalent to interchanging 

Case I t R3  Adjustable 

Sensitivity is giver} by 

.o  ed . 	RaF 	a 
dR 3 	R3 4 

to dimensionless sensitivity functiQp 

SRS 	 - ___ 	,_ 
(R3+R4 )  R1 R4 R = R3 	1i+(R1/a)]2 2  

Since Rl  and R2  are fixed briage arms, the sensitivity 
is constant, independent of the value of the unknown resistor 

R4, which is being balanced. Maximum sensitivity is obtained 

for equal bridge arms Rl  = R2  and is - 

Smax = 1/4 

r 
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Case 2 : R2  Adjustable : 

This case requires the coutitation of 

ed R1 E - 

- (R+R2)2  1

SR2 = - 1. 2 

R1R4=R2R3  

p'31 R4 

= 

The bridge sensitivity 1.s not constant, but dépeflds 

on the value of the unknown R4, the peak value of  

is again 1/4 and occurs for the equal arm bri ge 	R30  

From the point of view of uniform sensitivity, Case 1 

is clearly superior, We can expect a similar e&ult when 

source resistance and detector conductance are saU Compa±éd 

to the bridge—arm parameters, 

3.3 	GENLiRAL WHI14T.-5TON4. BRIDGE 

When the source and detector resistances are of the 
same order of magnitude as the bridge arm, the analysis of 

the ideal bridge no longer suffices, and the general bridge 

must be considered. 

Case 1 : 	Fixed R, and R2, and variable R3  

The relevant sensitivity fi.nctôfl is 

SR3 	., R1R2RdR4 
L(R1+R+R)R4+R2Rf LR4+(R1R2+RlRd+RRd) J 

and it vanishes for both zero and infinite R4. Its maximum 

is found by the differetiation procedure 
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Smax = 
(R1/ R2) / [ l+(R1/ R2) ] 2 
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L d L1+(R /R 1 z)]  
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.11.1+ 	R1+1 	

) Rd] 

 

and it occurs at a value, of R4 equal to  

	

Ropt 	
1+ 

p 	Y 	 (1/ R1+1/R2)Rd =  

	

Case 2 t 	Fixed Rl and R and variable 

The sensitivity function i0 

RI R3 R4 Rd SR2 =   - 
1 R3 d 4 3 d 	1 4 1 3 	3 S 

It again vanishes for zero and infinite R4. The 

expression is 

Smax. = (1+} +(Rl/R3)/Rd][1+(1/R1+1/R3)RS]] 
1+(1/R+1./R)R 

Rop t . = R3 y 
1+(R1+R3)/Rd 

3.4  SCHERING BRIDGE (2) 

In fig. 3.1, Z4 is variable 

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

I~ = Z1z3 Z2Z4 E. 



Assuming Zl, Z2, Z3, Z5 and Z6 to be given and that adjust- 

ments are made to Z4 

alb 	-z2t -(Z1Z3-Z2Z4).ai /oZ4 
dZ  E 4  A2 

Z1Z3-Z2Z4 = 0, the rate of change at balance is 

dam_. Z2 = a Z4 	'9 E 
0 

where do is the value of A at balance: 

= 4- 
and  so 

(a15) 	
Z2 

(z1+z2) (Z2+Z3) z5 	Z J• Z6+ 

Finite increments near balance, put Z2 ZZZ3/Z4 in the 

numerator, then - 

.. 

 

	

Z1 Z2 Z3 	 a Z4 
dI5  

(11+Z.2) (z2+z3}[z5+ 	, 
z +zz 	Z +Z3(zl+Z[? 
Z„+Z z3~ ~ L~ -6,~ 

Z,„ ( +Z 	3l 
4 

 

expresses the increment of current at balance in teams of 

a fractional increase dZ4/Z4 in the branch Z4. $:et the 

voltage E to be maintained between A and C i.e, the impedance 

Z6 be disregarded - 

- Z2 Z3 	d Z4 

2
....._._ (zt )._ .. Z0 

( 2+Z 3 } [Z5+(z2t 
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a Z. 4  

(+z2j(z2+z3) . 
	

(z+z3) .. '

3  z2 	L 
+Z5 	

-3 

Now 
(z1+z2)(z2+z 	Z1z2+z22:z2z3+Z1z3  

= zl+z2+z3+z4  

when Z1Z3  = Z2Z4 , Also if ZBD is the combined impedance of 
(z1+z2) and (Z3+Z4) in parallel, i.e. the 10pedce of the 

network connected to the detecór terminals is 
(z•+Z2)(z+z ) 

- 

But Z1+Z2+Z3+Z4  (2i!Z3)(Z3+Z4)/Z When ZZ3  Z24 

so that 	 V  
(z+z ) 

ZBD 	(Z2+Z)' 3 	 V 	 V 

Substituting, at balance, the rate of increase is 

615  
TZ4

= 
 -(z1+z2+z3+z4) '1 	Z4 

and the increment is 

o15=  V 	 V 	

• 

Voltagi Sensitivity (2 : Let a stnuoidal voltag 9 be 

43 

applied to points B and D (S. If the detector brach—points  

A,C. are joined to an infiniejy high impedance r6pr6tented 
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very closely by an amplifier - then the Voltage between 
Aand C - 

zz 	 Z2Z4  
V- (Z1+ 2 ) (+Z4 ) F.  

Let Z, to be measured, Z2  and 43,  fixed inpeda$ceS  on Z4  the 

adjustable impedance - 

az4 = 	(z1+Z2)(Z3+4) - (z1 z).3+z4 )2  

When the bridge is balanced, Z143-ZZ4  0, te rate o 

change is - 

-. 	2. 	- •; - (z+z2)(z3+44) 

Now to small finite increments in Z4  near bàlahcé, pUt 

a =aZ4//.4 fractional change in Z4  from balance and 

A=Z1/Z2  = Z4/Z3. Then -voltage 

bV=- A 
(l+A)2  

Value of or 

Taking Z = R+j x as iedance Of any g1y$ adjust4le 
branch at balance, slight change can pe made eitOr it R or 

in x. Adjusting R gives ÔZ oR with X. unaltered, and in  
general- 

R 	L-ø z R •R+jx 	R
Cos 

where 
0 = are tan x/R is the phase angle of the ad jtlè 

branch. 



If x is slightly changed from the balance value with R 

unaltered, ÔZ = j.ôx and in genera* 

Ln/2—ø 

3.5  SENSITIVITY ANALYSIS OF CAPACITIVE )ZUP$ 

3.5.1 TWo Plate Capacito 

For a two plate capac5,tor the capacitance, 

C  -  F 
- d d'  

where 

1 is the length of overlapping part of pJ.atestin m and 
w is the width of overlapping part of plates in in. 

Sensitivity using Change in Aéa of Plates 

Sensitivity S =  =  F/m 

The sensitivity is constant and therefore therB is linear 

relationship between capactançe and displacement. 

Sensitivity for fractional change in capacitance 

S1 = ôC 
Col Ir 

Thin type of capacitive tanSduCe is suitable for 
measurement oflinear displacements ranging froR, I to 10 cm. 
The accuracy is as high as 0400,5 y.. 

Sensitivity with variable separation : 

	

S1 	d 
'-LA 
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It is clear that sensitivity of this type of trans- 

ducer is not constant but Varies over the range of trsns- 

ducer. Transducer exhibits noh—linear characteristics. 

Sensitivity for fractional change in capacitance. 

Sensitivity S1 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 

wl 	(b w12 
Initial capacitance C= d +  -- 

= fo a [11+ Er 12 1 

Let dielectric be moved through a distance in the x direction 

indicated. The capacitance changes froth c to C,,4gC# and 

C + 1iC = G w (11-x) +' 1 (12 X) 

boa [ 11 x+ Fr 12+x ] 

d 111+ Er 1+x( (r=1)7 

= C+ G" ( Er1) 

AC 	= ~d (Er.-].) 

Sensitivity S = 6 = 6ow.12 
d 

So fnsitivity is constant. 
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Sensitivity for fractional change in capacitance 

Sl 	D _ 1 	LiL1 

Sl 	B. 1+ rB' 

where B 

3.5.2 Cylindrical Capacitor. 

For cylindrical capacitor the capacitance is 

c= 2 `F 
loge(D Dl) 

where, 

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

D2 is the inner diameter of outer cylindrical electrode 
in m, and 

D is the outer diameter of inner cylindrtdal ele+c code 
1 in m. 

Sensitivity Using change in Area Of Plates 

Sensitivity, $ = 9 ` lo— 
ge 2/ l 

Therefore, the sensitivity is constant 4nd the relationship 

between capacitance and displacement i6 linear 

For fractional change in capacitance, 

Sensitivity Sl = CL a IA 

Sensitivity Using change in D2 

Sensitivity $ = ~c aD2 



2nEt 	 1. 
loge(D 1D1)~ 2[b2/D1) '  DI 

_ 	2n E t 	1 
-[loge(D/D1)] 2 	D2 D1 

_ _ 2% U .. 	D2 loge(D- ID1)ry 2 

for fractional change in capacitance 

gl~Lc _~.,.. 1 _  
Co D2 	~itig(D2 1) 

Sensitivity using change 

S _~~  
1 	Foge Dl a Tm s 

+ 2ttE~~,- 
 

log ( D 
2 

D)
] 

2 , D2' (
) 2 

e 	1 	_  

_ 2n Et 
D1 floge(D2/D1 2 

For fractional change in capacitance 

Si  
Cb Dl r 	Dl l o9.e D Dl 

Sensitivity using change in dielect;ic constant 

S 
__ 

	 2n Eos', 
a r 	loge D 	`1 ' 

Sensitivity is constant. 
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3.6 	DIFFERENTIAL CAPACITOR (5). 

This capacitor has three plates two fixed plates 

P 1  and. P2  and a movable plate M which together fo= the 

two capacitors Cl  and C2. In the centre position, the 

distance between M and either plate is d, the capacitors 
Cl  and C2  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 ot.ttpOt 

voltage or current) measures either the difference btweon 
both capacitors or their ratio. 

Ci - d+x ' 	C2 	d-x'.' 

Two different applications of this typo of capacitive 
transducer can be distinguish as follows t 

(a) The stage following the transducer response to e 
difference of the partial capacitances C1  C2. U$ually an 
A-C voltage E is applied between plates Pl  and P2  and the 
difference of the partial voltages (E1-E2) is measured. 
The partial voltages are 

_  EC 
E1  C1+C2  E2 ` Cl+C2  

E  = E  d 

difference of partial voltages is 

E  =  



.5 0 

Relationship between output voltage AE and the displace- 

went of the middle electrode x is linear and independent 

of the capacitor plate area or the dielectric cpnstant. 

The sensitivity of the system is 

UE _ E/d 
S= Lex 

If stray capacitance can not be neglected (e.g. the capaci-

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 = E. -4 •il+B) •[1+O2+()2 (+)4+.,. 

where B = C/Cl is the ratio of stray Capa tace  CS o the 

capacitance Ci or C2 if the middle platy M is ill the centre 

position. For B -- 1/4 and x/d 1/5. The sensitivity is 
reduced by 1/5 and deviation from linearity is 1 percent. 

(b) The subsequent stage responds to the ratio, CJ;( 	(~,g 
balanced bridge ratio meters) 

For such systems the relationship between the output signal 

and displacement of middle electrode is 

	

d+x 	 S 

	

C2/Cl = N = d-z 	,, ,; r:;9 2 ,101 	u! i 	{l d  
The output varies in a non-linear fashion''' i h the displace- 
ment x, only for very small displacements, when x << d, 

does 
N 1 + d 
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For d = , The deviation from linearity is about 20 
percent. 

3.7 	EQUIVALENT ClBCU IT..;.OF.. CA'ACITOR , (4) 

At low frequencies the losses of a condenser are 
represented by a parallel resistance Rp which represents 

(a) a d. c. leakage conductance which can be tlneglected 

even at very low frequencies, 

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

(c) losses in the gap dielectric. 

The dielectric losses (b) in the insulatiily structure 
constitute a conductance component of 1/ Rp which increases 

with frequency and the dissipation factor ( 	) is thus 

roughly independent of frequency. The gap lossesn 4r 
condenser are normally negligible, but with solid dielectrics 

they clearly depend on the low frequency dins :Patios factor 
of the dielectric material used. The resulting ;Lpsses caused 
by interfacial polarization often become smalier with i icrea. 
sing frequency. 

At 	 frequencies high 	the series qu $sistenpi AS  r0pre5ent$ 
the resistance of the leads i metal suppb tts aid pYate 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 transducer. if 



a cable is attached to the transducer, L includes also 

the cable inductance, as shown in fig. 3.3. 

Z=RS+ jwL+R We 
R+- we  

_  2 

s  1+w Rp2C  1#w2 2  o  
the effective reactance is 

Xeff.  W Leff where Ceff 	effective capacitande, 
2 

WCef f jw 
IL 	 2 2C 

1+wRp 

wCRp2 
or W -- =-w  

Ceff  itw Rp . 

1+w2RD2C2 
or W Ceff = wCRp2-wL(l+W Rp2C2) 

In a capacitor w2C2Rp2  is very large as compared to 1. 

 

2 2 
 wC B' 	 = w Ce ff = 

wCRp2-w32C2L, 1-w2LC 

or  Ceff =  C  
1-w C 

Ref f = Rs + 
l+w Rp 

At laN freq. effect of series resistance Fls  act series 
inductance are neglfigible. 

Reff =
-  

I+w2  Hp 2C  
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(WCflp 2 WL-w~ Rp?C2L ) 
loss angle tan 	= 	.2 2 Rs+w Rp RtG+Rp 

,s 	 •• w2LC, 
wRs + 1/wCB 

of wCR5 + wl 

The effective change in capacitance is '- 

a Ceff 	C C 
ff  = 1-w LC 

3.8  EFFECT OF STRAY CAPACITANCE (8 

Stray capacitance can be defined as, any occur ing 
with in a circuit other than intentionally inserted by 
capacitors e.g. capacitance of connecting wi=ea, giving 
rise to parasitic oscillation, 

As shown in fig. 3.4 the capacitive transducers are 
connected to the second stage of the instrumentation system 

through cables. The cables are a source of loadin . 

Let C is the capacitance of transducer in F and 
Cc is the capacitance of the cabld in F. 

If we neglect the leakage resistance, the output 

impedance of transducer is Z,o = 1/jwC. 

Impedance of load (taking cable as load) 

ZL - 1/ j WCc 

iwcc L - ZL 	1 jo, ' wCc 
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Jwccc 

E .JWCCc 	1 . . 
EI, — 	+

...G 	wCc 

EL  

In this case 

54 

C cc  
Ceff=C+Cr"c___.. 

aC = C  
c+cc  

°C= 
c 

Initial capacitance = C 

-.c 

3.9 	METHOD TO INCREASE THE SENSITIVItY (.41 

There are two methods to increase the sensitivity ; o  

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

(ii) 	Serrated type transducers. 

(i)  Rotary Motion 

Fig.Z5.2 shows a two—plate Capacitor. Ohe plate its 

fixed and the other is movable. The argula displacement 
to be measured is applied to movable plate. The angular 

displacement changes the effective area between the  plates 

and thus changes the capacitance. The capacitance is max. 
when the two plates complately overlap each other i.e, 
when 0 a 1800. 

Max. value of capacitance C X 	a 	zd 



Capacitance at angle 6 is C =  6 

6 = angular displacement in radian 

C _ 2 Sensitivity S 	-* 

The variation of capacitance With angular displacement 

is linear as shown in fig* 3.52. 

The sensitivity can be in+ reasbd k)y a4ultipla plate  

arrangements. 

(ii) Serrates tyoe.. transdu.c (4) 
High sensitivity can be obtained by u,si~ig aer=ated 

type transducer. A longitudinal shift of one capacitance 

plate by an amount dL against the other has the effect 

of changing the capacitance from minimum to the maximum 

value. The transfer characteristic is shown in fig. 3:53: 

A sensitivity of the order of 1µF/0.0001 mo has beef obtained. 

Consider a pair of flat serrated plates, as shown 

in fig. 3.54. A small relative movement 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 relatiofahip yields 

ambiguous. results. 

b 
• C 3.lrtd (pF) 

where the dimensions (cm) are 

1 is the active length of tooth pair, 

b is the width of teeth, normal to plane of drawing, 

55 



d is the distance between teeth in close proximity 
and 

n is the number of pairs of teeth. 

The variation in capacitance ÔC due to small defectipn 

ôl is 

(' 	nb(1+1) 
= 	 - 3.,6%dd 

Hence fractional change in capacitance, 

C 	l 

Sensitivity S 

3.10 	SENSITIVITY ANALYSIS UF CAPACITIV6 BRIO; 

Let a sinusoidal voltage E be app1id tO pOints 8 

and D as shown in fig. 3.1. If the detector brajCh poi, ts 

A,C are joined to a infinitely high impedance repsserted 
very closely by an amplifier then the voltage between 

Aand C - 

v= Z Z'.'-Z1Z 
.l (Z1+12) (Z+Z4 J 

For Schering 8iidge 

Z15 = r1 + jWC 	wc1  

z2s=o+j Jc2  

z35=a3+j0 t=i R3+jO 
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R4 	 R4 	 wA 2C4. 
Z4S  = 1+J WC4R4 	1+w2C42R 2  1+ 2,C4  i 

a 'Z4 	2 	+Z4 
..A_.. 	az_ 

az Q= 	A =Z1'Z2  
4 

aV=.. 	 Q E 
(1+A)2  

---d  iZ) _ ___ 	 4. 	) a R4  4 	o R 	1+ jw 4  R4 

_ (1+jwC4R4)xl—R4x jwc4 

(1+1wC4R4)2.  

4aR4  
Z4. 	Z4 	(1+JwC4R4) .. 

= O R4 	R4 ... 
4 4 	(1+jwc4R4) 

R4 	Z4. 1'+,j w 4R4  ) 

R4  - 	(1+Jwc4R4) 

E 	(1+ 	R4 	1+jwC4R4  

ss =  d VI E 	_   
1 	a R4/ R _4 	(1+A)2 	1+jwc4 4  - 

a C4 	4 	a C4 • 	 1+ w. 4R4  . 

_ (1+jwC4R4)xO—R4xjwR4 

(1+jwC4R4)2 
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FIG. ' -SCHERIN 3 8RIX E 

n 
~1 s 

N 

FIG• DE SAUTY'S 6R(I)GE 

F=IG • 	1hpI E.N' 	►3(~,IbG . 



JWR 4. 
ô14  ad C4  ( (1+jwC4a4)2 

ôZ4 	C 4 	 jwR 

2 ) Z4 	(i+jwc4R4) 

ZZ4 ôC4 
,  

Z4 (1+jwC4k7 

jwCR A 	 44 
= C4/C4 	(1.+A)2  ' (i+jwC4R4) 

For De Sauty's Bridge 

____ 	1. 
ZID jwC1 Z2D jwc2  Z3D=R3) Z4D_R4 

Zz— z  
v 	 24 

- (z1+z)(z3+z4) 

av an 	
__ 	oR3 

- (x+A)2 .E . 

WE 	A SD =  
6R3/R3 	(1+A) 2  

For Wein's Bridge 
R 

Z1 	1+jwC1, R 	Z2w R2 wC2 	Z3W. R3, Z4 	R4  

Sw 6R1fR1 - (j+A)2 (l+jwC1R1) 

PROGRAM FOR SENSITIVITY ANAI.YSZ$0F BRIUGES 

A general program'e has been developed for sqptiti,  

vity analysis of the bricie. Fig. 3.6 shows the floW chart 

for the steps. 
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COMPLEX ZS1, ZS2, ZSS, ZS4, ZYV1, ZW2, Zw3, i4P 

ZDl  , ZD2, ZD3, ZD4, Aa, Z. 	AD,  A, Z 

OPEN (UNIT = 1, DEVICE _ '05K',  FILA 	' S.DAT- ) 
READ (1,* ) R1, R2, R3, R4, 	Cl i C2r q3, P1 

w= 2. *PI*50. 

XD1  = XSI  =  

XW2  = XD2  = XS2  = -l./(w * C) 

X54  = -w*C4*R4*R4/ (1+w*w*C4*C4*R4*R4) 

as1 = R1 

RW3  = RD3  = RS3  = R3  

RS4  = R4/ (1+w*w*C4*C4*R4*R4) 

ZS1  = C.MPLX (RS1, XS1) 

Z32  = CMPLX (0., X$2) 

ZS3  = CMPLX (RS3, 0.) 

Z54  = CMPLX (RS4, X54 ) 

RsK = 1. 

XSK = w* C4* R4  

ZSK = CMPLX (RSK, XSK) 

AS = CMPLX (ZS1/ZS2) 

RW4  = RD4  = R4  

ZD1  = L MP LX (0. , XD1 ) 

ZD2  = CNPLX (0., XD2 ) 

ZD3  CMP LX (RD3  , 0) 
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ZD4 = CMPLX (RD4, 0.) 

AD = CMP LX (ZD1/ ZD2 ) 

XWl =-(w*Cl*Rl*Rl)/(l+W*W*C1*C1*R ORl~ 

awl = 

RW2 = R2 

RDC= 1. 

XDK  

1W1 = CMPJ X (RW1, XW1) 

ZW2 = CMPLX (RW2, XW2) 

ZW3 = CMPLX (RW3, 0.) 

ZW4 = CMPLX (RW4, 0.) 

ZWK = CMPLX (RDK, XDK) 

AW = CMPLX (ZW1/ZW2) 

SSI = ABS [ AB/((i+AS) * (1+As) * zsK) 

S52 = ABS [ AS * XSY,41+AS) * (1+AS) ii ZSq 

SD = ABS [-AD/[ (1+AD) * (1D) ]J 
SW = Ass [—AW/((i+AW) x (1+Aw) * z) ] 

PRINT * , SS1, S$2, SD, SW 

STOP 
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S TART 

V 

R_A7). R1R2R3R~-C1,C2,C3 

__---_-----[----------- 

21 	e R1 ..J-/wc , z 	z-}. SWC 2 
z3 	-3Z4S 	R4 	_ --WR4- C4- 

"wz.c4 - R 	k4w2.R4-xC4 

Z. 1 TJ t. l~j 	c, , z 2 n  
z3 D- R3 , z 4.- D- R4 

eL u  7-1 ui w P1/ 	-'F 	w G s. R 
ZZ W 	R2 —AW Ca 
~3 W 	- R 3 
Z¢uz = R4- 

55 _d'~~~ ,LTcKrl) M c. v / 

	

' ~ 	 E 
S 	~-  

r S 4_ /R4- 	 R7 J'R3 - 

	

SS2 	v I - 	c,, `,N 	y/ E- 
a 

STOP 

Fly.-,- 3.6 =FLOW CHART 



3.11 RESULTS 

(i) Let for a two plate capacitor, two plates are 25 inn. 

apart and area 625 mm2 in area. 

Sensitivity of this may be calculated as follows 

	

c= 	=Edw 	=8.e5x1o12ism 

Change in Area of Plates t by causing displace ire t of one 
plato 

 

_  1—x w 
d 

Sensitivity 	= — d 	(heglectiog s*gin) 

B.8,5x10. 	c2x 0,' xlOQ 	85PFF *2:x10- .. 

_ .885 P F/ m 
and whatever be the displacement sensitivity wiil always be 

constant. 

Change in distance between plates 

C= U~w d 
t, w _ 8.85x1Q 12X25x25x 0 
d 	 d 
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S1.No. 	Value d 	Sensitivity 
in in 	 in p F/ 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.  .12 384.11 
8.  .10 553.12 
9.  .08 864.25 
10.  .06 1536 
11.  .04 3457.03 
12.  .02 13828 
13 .01 55312.5 

Result shows that as the distance between the plates 
decreases sensitivity goes on increasing. 

Change in dielectric constant 

C  _ 	_  E0EwLw 
d 

S  _ a c 	_ 	Eo  .w _ 8.85x10-1'2k.625x Qq6  
.25x10  

= 22125x10-15 



= 22.125x10 2 PF/m 

= 0.22125 PF/mtn. 

Sensitivity will be constant. 

(ii) Let for a cylindrical capacitor 

Innerdia=3mn, outer dia=3.lmn , ~et}gth 20th1n 

C _ 2!E ~ .F 
loge(D2/Dl ) 

Sensitivity using change in Area of plates 

ÔC 	2 	2 x ,8 XiO=12 
= 	oge(/Dj) 	1 1RQ 

loge(* 
3xl0 

1695.8431 PF /0 
= 1.695 PF/mm 

Sensitivity is constant, 

Sensitivity using change in 'D2' 

ac 	ac , E 
$ d D2 ' 	a D2 	b2  

Change in D2 (in. mm) 	 Sensitivity in PF/min 

1.  2.9 333.67 
2.  2.7 37.105: 
3.  2.5 13.382 
4.  2,3 6.849 
5.  2.8 83.44 
6.  2-.6 20.88 
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Sensitivity using change in 'P1' 

1 	D1 llcge("2/Dl)~ 

Change in D2 in min Sensitivity i 	PF /tin 

1. 2.9 86.22 
2. 2.8 38.33 
3. 2.7 21.58 
4. 2.6 13,82 

It shows that as Dl decreases sensitivity decreases, 

Sensitivity using change in dielectric constant 

S a c 	. 2* 	 .L.  
_ = r- 	1oge D2 1.

) 

= 33916.862x10 15 

= 33.916 PF/m 	= X033916 PF/uuu 

Sensitivity is constant. 

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

S- F/d 
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PFJ~If► 

	

Io 50 	
CHANGE IN DISTANCE CHANGE IN AREA AND CHANGE 

	

1000 	 IN DIELECTRIC- COW5TANT 

950 

850 

	

800 	PARALLEL RLP'T CAF-ACITOR (C3) 

750 

700 

5C 

Gob 

550 

566 
PF/mm 

	

45o 	I.8 	1 ,69 P F/ mvn 

	

400 l • 6 	CYLINDRICAL (A) 

350 1.4 

300 I.2 DIFFERENTIAL Cd~ i--CYUNDR%CAL(d 

250 I'0 
3 I 

.$85 PF- Imran 

200 o4 P RALLEL PLATE (A)  

150 •6 .0`lj 	'033916 PF/rnyr(p1) 
CYLINE 	%C.AI_ 

•022125 P1J I"1•IYYI CDI'  
I0O •4 .02 

P RAL_LEL ~-CYI-INDRICAI--(c 

- o 
0 •02 

_ 
•04- 	•b6 	•08 	•IG 	•12 	•14 •IE 	•I8 	•20 

- - - 
-22 	•24 	2G •28 	•30 	•-6O mYY~ 

2 •4 	•G 	•g 	I•o 	1.2 	1.4 I-C 	I.8 	2.0 2.2 	2.4 	2.6 2,8 	3.0 	3.2 	mfr 

5 i•O 	1.5 	2.0 	2.5 	3.0 	3 -4..0 	4.5 	5.0 niri' 	3~ 



Sensitivity using change in distance between 4-Odle 
and side plates 

Change in d in mm 	 Sensitivity in V/mm 

1.  5 4.4 

2.  4.5 48.88 
3.  4,00 55 0 
4.  3.5 85 
5.  3.0 1,3.33 
6.  2.5 8.8 
7.  2.0 	. 

It shows that with a dècresè in ditancè htWeeA 
middle and side plate, sensitivity .nreases. 

(iv) SenSitivity of. Bridges 

For De Sauty',s Bridge 

Let C1  = 100 F, C 2  = 150 4F 

R = 500-it, 4  = 5000 -"- 

S = _A .  

2 

S =- C2/ C1 	 —024 
(i+c2/c1)2 	(1+ 	)2 

(with the 
change in R3) 

Sns.iUvity will always be constwt. 

LULS  



For Wien's Bridge 

2v 1E, _ A 	1 
SW  = 8Rl Rl _ 	(1+A)2(l+jw 	1) 

Zl  = R1/ (l+jwc1R1) , Z2  = R2-j/wC2 

Rl  = 2000J'. , C1  = 100 µF, C 	150 µF, 	= 3000 .n. 

R3  = 5000.E , R4  = 5000 JL 

Value of Rl  in.n. Sw  (Sensitivity)  

1.  2000 1.65459xl0 4  

2.  1800 1.8377806x10'4  

3.  1500 2.2057088x104  

4.  1200 2.7564457x10-4  

5.  900 3.6732506x10̂ 4  

6.  500 6.5933832x 104  

7.  300 10.97x10 4̀  

8.  200 16,057910 

As the value of Rl decreases, sensitivity increases. 

For Schering Bridge 

oVE 	A. (a) 
	1  = R4 4 = _ (1+A) 2 	1+ wG4R4   

A = Zl/ Z2 , Z1 = Rl  - J /wC1 

12 — J /wC2 

A = 94.211939 
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1.  
2.  
3.  
4.  

5.  

6.  

7.  
8.  
9.  
10.  

11.  

12.  

13.  

14.  

15.  

Value of R 	 in -P- Sensitivity ss1  

5000 5.51611x1O 

4700 5.86819xlO75  

4500 6.12899x1075  

4200 6.56676x1Cf 5  

4000 6.89509xlC5  

3501) 7.880O5x10 

3000 9,1933x10 5  

2500 1.10317x1d 4  

2000 l.37$92xu74  

1500 1.83843x10®4  

1000 2.112x10' 4  

500 5.5.084 "4 

6.8801.LX1Q'4  400 
300 9.15789*1Q' 
200 1.3106$10"3  

As value of R4  decreases sensitivity increases, 

(b SS 2jwCR 
(1+A)2 	(1+jwC4R4) 

A = 	= 94.2119392  
1 	= 1.1031x10 4  

(1+A)2  
A = 103.92518x10'4 
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SENSITIVITY VARIATION 

IN . GP O6ES 

0 	200 900 600 800 	1000 1200 	1400 1600 	1800 	2000 R1 

400 800 1200 1600 2000 2400 200 '5200 3O0 4000 4400 4800 5200 R4 (n.-' 

10 20 30 4o 	50 60 	70 '0 	9c 	too Ito 	120 	130 1UF(C4) 

FIG 3•B 
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Value of C4  in iF 
	 Sensitivity SS2  

1. 12U 	 103. 351XiO 

2. 110 	 103. 92342X1Q'4  

3. 100 	 103. 92294x10 4  

4. 90 	 103. 92Z2x104  
5. 80 	 103. 9Zt81x10' 

6. 5U 	 103.91658X10-4  

7. 40 	 103. 91lx10' 4  

8. 30 	 103. 9Ol7x1u 

9. 20 	 103.8722x10 4  

As the value of C4  decreases sensitivity decreases to a 

very lesser amount. 

(v) Unit Sensitivity of 8ridgs s -  24 	. 0 Fcc De Sauty's Bridge : 	- 
Value of I1 inJi 	Unit Sensitivity $io 

1.. 2000 .i030426 
2.  1800 .1144512 
3.  1500 .137364 
4.  12u0 .1716628 
5.  900 .2281585 
6.  500 .416152 
7.  300 .6831772 
8.  200 1.00 
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For Schering Bridge : S/$o  for 200 	is 1.00 

(a) Value of R4in Unit sensitivity S/Se  

1.  5000 .0403501 

2.  4700 .429256 

3.  4500 .0448333 

4.  4200 ,0480356 

5.  4000 .004373 

6.  3500 .0576423 

7, 3000 .0672486 

8.  2500 .0806965 

9.  2000 6100867 

10.  1500 .1344805 

11.  1000 .2016824 

12.  1500 .4029406 

13.  400 .5032778 

14.  300 .6698967 

15.  200 1.00 

(b) S/S0  for 20 ILF is 1.00 

Value of C4  in lif 

1. 120 
	

1.0004939 

2. 110 	 1.0004931 

3. 100 	 1.0004884 



200 400 600 	800 1000 '2. 	1400 	too kdoo 2000 R1  (.fl' 

4-00 80o 12.o0 160o 2000 2400 2800 3206 3600 4000 440* 4800 hypo t4 (--) 

10 20 3o 40 50 6o 70 80 90 100 119 t2o MF(C4) 

FIG 3.9 

5H 
(R4') 

x ,00 

95 

•90 

'85 

.8o 

75 

70 

, 65 

-6o 

•55 
(w; 

5o 	I.o 

•45 •9 

•40 •8 

5m  '35 .17 

(C4) 
I,0005 -3o • 6 

1.0004- .25 ' 

1,0003 ,.2 o  •q 

)10002 'I5 •3 

t'0001 .10 

1,0000 '05 

74 



1.  10$ 
2.  20$ 
3.  30 

4.  40$ 
5.  50 

6.  so 

7.  70 

2.18  

4.36  
6.55 

8.73  

10.9. 

13.09 

15,27 

75 

4. 90 	 10Q04$44 

5. 80 	 1.0004781 

6. 50 	 1.0004272 

7. 40 	 1.QQ03735 

8. 30 	 1.0002827 

(vi) Effect of humidity on change in capacitance 

C = 	 2 parts i.zi 1,00,000 

H = relative humidity $ = 0 70 $ 
t (temp.) = 10°C - 30°C 

At temp. t = 200C. 

Relative humidity 	 Change in capaottanpe  

As the relative humidity increases &Q iflcese5 
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'25 	'50 	'75 	1 ' 0 	1.25 	1. 5 	1.75 	2•o 

ENYIORNMEWTAL  PARAMETV-RS ----- 

16 

15 

14 

13 

12 

10 
4' 

Ac 	9 

-0177 8 

•0155 7 

. 0132  6 

'o>10 5 

.0088 4 

-0066 3 

.0044„ 

-0022 1 

c 

-fl 

T 104 



(vii) Effect of Vibration 

6C = (— old sin wt).00  
- Co 	d 

oC 	(1— A sin wt). a 

6C 	2 a — 8007*12cO 
d 

Let area of plate is 625 mm2, distance between two plates 

i s 25 mm. 
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Value of 6 in mm 

1.  .25 
2.  .50 
3.  .75 
4.  1.00 
5.  1.25 
6.  1,50 
7.  1.75 
8.  2.00 

Qháge in 	 ip OF 

U 

• 
•Q044 
.0066 
.Q088 
.0110 
•0132 
.0155 
.0177 



CHAPTER-IV 

INFLUENCE OF ENVIRONMENTAL PARAMETERS 

4.1 	TEMPERATURE EFFECT (3)  : 
Temperature has an appreciable effect on the beha-

viour of condensers having solid dielectrics. It is not 
possible to give a definite' statement as to the ten jerature 
Coefficient of the capacitance of a particular condenser'p 
for the temperature effects are dependent on the particular 
cycle of operations to Which the condenser is tub'octeth 
This is illustrated in fig: 4..11 which are typical of good 
and poor mica condensers. The best mica condensers when 

subject to the ordinary fluctuation of tooal tep' atui1e l Y 

show variation in the ,  capacitance of 2 or 3 pmts iii 1OC Q. 

The active portion of any condenser iflt  n ed for lose 
as a standard must be firmly confined between ola.. S, to 
that its geometry and, consequently, the capacitance of the 
condenser may be definite. Condensers without olamps are 
greatly affected by temperature and, when to#en through a 
cyclic variation of temperature (for instance, 17c', 30L 17c), 

do not return to their initial capacitances. This permanent 

alteration may be as much as 3 or 4 parts in l0, 90. 

Change of temperature adversely affects the sensiti. 
vity of the transducer. 
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4.2  PRtSSURE EFFECT (6). 

Changes cif atmospheric pressure cause in mica conden-
sers minute changes of capacitance which may be detected 
by 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 1 cw. change 
of pressure. Usually, if the pressure is reduced; the con-
denser expands, and as the increase in the distance betweeh 
the plates produces more effect their increase Qf 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 UMIDI 

The presence of water vapour in the atuospt~ere -affects 
the behaviour of an air capacitor in two ways, It fay increase 
the power factor, and it must increase the cap tap e at 
least in proportion to the increase in permittivity Qf the 
air. The former effect is well known and can k e largolyy 
avoided by suitable design e.g. in three—terminal .ns.tru- 

ments the latter effect is usually treated as fegligf ble 
especia~iy at audio frequency. 

The formula giving the permittivity of qt air in 
terms o f temperature, pressure and humidity can be expressed 
in c'erious forms, that given by Lea, who considered the 
effect of atmospheric humidity on the stability of LC 
oscillators, is ; 



M 

k. = L + 	(P + 4T PSH) x 10-6  

where 
k is the permittivity of moist air 

T is the absolute temperature, OK• 

P is the pressure of moist air in mm Ing. 
Ps  is the pressure of saturated water vapour at 

temperature T, in mm Hg. 
H is the relative humidity in ,G 

From this expression it can be. seen that total 
change in permittivity, and hence in the capacitance of a 
perfect air capac itor1 which can take place as between wet 
and dzy air is about 2 parts in 10,000 at 2u°G. Variations 
in capacitance of the order of 1 part in 10,00Q 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 *ange 
730-77U mm Hg may be ignored, and the saturatidn vapoUZ 
pressure, Ps, may be taken to vary with tenpexature, 1, 
according to a law of the form 

Ps =ATn  

where 

A and n are constants. 

If these assumptions are made, the formyl a for the 
increase in capacitance, 	C over that in dry 4ir, due 



solely to changes in the permittivity of air, vill be 

1.39.Ht193 

C = - 273+- Ht -. ± 2 parts in 1100 ,000 

where, 
H = relative humidity in •• 

t = temperature, in °C. 

This formula applies over the range 0.70y. relative hub4dity 

and 10°-30°C temperature. 

It must be emphasized that the formula is 'd0pldtel r 
empirical, and only applies over the range of parometric 

pressure 73U-770 mm Hg, 0-70 relative humidity, and 
100-300C temperature, it may, however, be of use as giving 
a fair indication of the minimum probable Change in capaci-
tance, without the need of tables of saturation vapour preT 
ssure. Due to presence of humidity sensitivity it Increased, 

4.4  CAPACITANCE TRANSDUCER WITH SOLID DIELECTRIC OF 

VARIABLE PERMITTIVITY i.e. EFFECT OF MUXSTURE 
CONTENT L4) 

   

As the moisture content of a fabric chan9es there 

persists an increase in permittivity of the sold d .electric. 

The effect of fringing eliminated by means of gUatd 
plate arrangement as shown in fig, 4.12.. The oapacitdnce 

of a condenser with two parallel plates of act$te area 

A(cm) at a distance a (cm) apart, and with a soAd diele- 
ctric material of constant thickness d (can) ~ but Variable 
permittivity E , is - 
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Ti1 

C A 
- 	a—d+dfE) 

Let due to change in the moisture content Of. a fabric, 

an increase in permittivity of the solid dielectxc is 

which increases the capacitance by aU, hence 

c+ac= 	A 
(a—d+ cc —TS ()) 

Hence fractional change in capacitance óC/C can be sho 
to be 

_l 
= r N2  1+N3((J 

where the sensitivity factOr 

N 	1. 2 - 1+ Ha—aya 
and the non—linearity factor 

N 	G(a—d)/d; 	- 	1 
3 = l+€ (a—d)/d 	- 	1+ (d/e (a' d)) 

It is seen that a material of lcw permittivity gives 
the highest sensitivity and best linearity. 

4.5 	EFFECT OF VlBRAIIC)N-.(4)  

Let a system consists of two electrodeS A and B 
which together form a capacitor Co  as shown in fig, 4.13. 
The surface of one electrode may be altered by 001yin 
the material to be investigated, to it. If F.0  i4 the 
potential difference between the electrode su±faces, 
Q =CoEc-charge of the capacitor. Any change of  capaci-
tance will cause a current (neglecting R) of 



i= -E -+ c dEc C d t 	+o 
under steady state condition (EC  = cgn$tant) the s0cpnd 
term vanishes. 

i.e. , i = Ec,  dCO 

A driving mechanism M causes one electrode t os44 
llate with a frequency f (angular velocity w a 2ft) by an 
amount t a about its middle position. If a is 5ma .l comp-
are& to the average distance d, the capacitance can be 
expressed by 

C = Co  (1- a/d sin wt) 

and the current is 
ia -EC wCo d/dCos Wt 

C = C0(1- Old  sin wt) 

C-Co =- a/d sin wt x Co  

a C = (-o/d sin wt).00  

Sensitivity for fractional change in capacitance 
C s 0  = - d--°  sin wt 

a 
Co = d 

S= - 	 sin wt. d 
where a = area of plate, 



CHAPT ER-V 

A NW BRIDGz CIRCUIT FOR.CONTINJc4JSLY 

MEASURING CAPACITANCt .CHANGES AND .St:NSITI ITY 

5.1 	INTRODUCTION 

In capacitive devices, a central plate, usually 

earthed, is displaced between two fixed plates. it is 

desirable that during displacements, when one capacitanc'O 
is increasing at the expense of the second, the linearity 

of the differential capacitance should provide a linear 

measurement. Two known methods are the ordinary bridge, 

and a recently developed pseudo bridge based on an opera- 

tional amplifier (1). Both shown schematically In fig.5.1(a) 

and (b). 

5.2 ANALYSIS 

Assuming that the detector is of high impedance, the 

transfer function of the ordinary bridge 

V 
Il z Z2 

V2 = Zl+Z2 

V. Z2 
E = Zl~ 

Transfer function 

I v 
' . 2 	Z3+Z4 

V. Z4 
V4 = ZS+Z4 

V. Z4. 

T V - Z+Z Z4' +~- 1 2 Z3 4 
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(a) ORDINARY GRiD_C-
FIG. 5• ( 

(b) PSEUDO BRIDGE 
FIG. 5•► (b) 



Close to balance, the transfer function may be considerer. 

as 	linear function of impedance. For large deviation 

linear behaviour is not attained. Rewritten transfer 
function as : 

Z2/ Z 	_ Z4/ Z3 
1+Z2/ Zl 	1+z4/ Z3 

In this case linearity at the detector is pbssille 
for large deviations from balance under the coniition 

12/Z1 << 1 , Z4/ Z3 << k. 

T Z2/ Zl - Z4/ Z3 

In this case, linearity is achieved with a p9,5Sibld 

loss of sensitivity, and so it is not practical. 

Linearity- can be preserved in the pseudo bricge, 
transfer function is, according to - 

T - Z41+Z Z~ZI only Z2/Z1 is allowed to vary. 4 Z3 
For a difference measurement between both sides of the 

bridge, this condition no longer holds. For double sided 

operation, the linearity is in fact even poorer than in 
the case of the simple bridge: Ari arrangement of similar 
type is 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 

s 



FIG. 5.2 (CL) 
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amplifier circuits. The transfer functions for upper and 

90 

lower circuits are - 

Z1+Z2  

TU  = Z1 

V  = yl  ) 

Il  = Zl Zl+Z2  Z1Z2 

V(Z1±Z2) 
Tom=  z1.  Z2 

Vr  Z1w (z1+Z2) 
Tu  =  V Zl  

Z3+Z4  
TL  = Z3 

_  V  V(Z4±Z3  } . 
2Z3 . . Z4 

V V(Z4+z)  +1 

V(Z  ) 4.+.. Z3 TL  =.  V.- 

z +Z3  

3 

These relations only hold in the case of a plifiers 
with a high open-loop gain. Combined transfer f Onetioh of 
bridge : 

T=Tu -  TL  

T = Z2/ Zl - Z4/ Z3 

Zl  and Z3  represented by the variable capacitors to 
the differential transducer. If Z1  and Z3  purely capacitive 
and equal to 1-/ jwC1  and 1/ jwC3 then 

T = jw(Z2C1 - Z4C3) 

If Z2  and Z4  are chosen to be equal, then 

T " = j w Z2  (Cl -► C3) 

which is proportional to the difference between the two 
oppositely varying capacitors. This is a truly linear 
capacitive instrument, both in a differential and in one-r 
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C I -~-+ MF 
FIG. 5.3 
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sided operation. For the circuit fig. 5.2(b) 'TI is given 

by 
_ 	_ 	1 	 1. Z2 =Z4 `Z' Zl ` 1 R+jwCl and Z3 = 1 ~ W 3 

T = Z[(1/R+jwC1) - (l/R+jwC3)] 

T = jwZ(C1-C3) 

This is an improved system, making use of mare conpa-t 
tible operational amplifiers. These have knees i.n 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 

is expected that the instrument will more closely adhere 
to the ideal linear expansion. 

5.3 	EXPERIMENTAL.VARIFICATION 

It is seen experimentally that when C1 is varied 

from 100 µF to &OCIQ µF out put varies linearly. as shovun 
in fig. 5.3. 

92 
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CHAPTER-VI 

CONCLUSION AND  SCOPE FOR  FUTURE WORK 

In the present work, the sensitivity analysis of 
capacitive pick—ups has been carried out for different 

configurations. The sensitivity of bridges used for inoaSU4 
rement of capacitance has been calculated and variation of 

sensitivity with the change in bridge parameter has been 
plotted. Influence of environmental parameters has also 

been studied on the value of capacitance and its sensitivity. 

Bridges used for sensitivity measurement a e Qe 
Sauty's, Schearing and alien'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 R4  and variation in capacitanlce C4, The 
sensitivity decreases with the increase in value of 44  and 
increases with the increase in value of Cg. Sensitivity 
of Wien's bridge decreases with the increase in uali4e cf 
bridge parameters i.e. resistance. 

Environmental parameters 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 type tuns+. 
ducer. 
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In future scope of the work, a briage circuit scheme 
for sensitivity analysis of the capacitive pick=ups can be 

developed by using a intelligent combination of hardware 
and software capabilities of microprocessors and  anj gnjcro-
computers. 

0 
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