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Capacitive Transducers

v'Capacitive transducers operate on the pringiple gf.variation
of capacitance with the variation ofthe physical variable
under measurement.

Parallel Plate Capacitoers

v'For parallel plate capamtors}1 employing rectangular plates,

capacitance is given by'C X Here, change in capacitance is
caused by:

= change In overlapping:area A,
= change in the distance between the plates d,

= change m, dielectric constant.
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Transducers using Change .in

Overlapping Area
Measurement of Linear Displacement
Capacitors employing rectangatar plates

top plate
/ / ' dielectirc
/.fbottom plate

/

I: | :I overlapping area 'A’
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Transducers using Change-in
Overlapping Area (contd..9

Capacitors employing rectangular plates

C - gA glw w = width of4the overlapping part of the plates,

d d = length. ofithe-overlapping part of the plates.
A\
)
Sensitivity of theitransducer, § = £ — hddd .
Al d
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Transducers using Change-in
Overlapping Area (contd..9

Capacitors employing cylindricaleleetrodes

fixicljorgketal v oV \b\
// \2\?'3 \%C? \

( jdisplacement

moving
tube
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Transducers using Change-in
Overlapping Area (contd..9

Capacitors employing cylindrical-electrodes

C 2mel [ = length of the overlapping part of the cylinders,

2

D_ D, = inner diameter ofithe puter cylindrical electrode,
log
Dl

D, = outer diameter of'the inner cylindrical electrode.

L

Sensitivity of the-transducer, § = 8_C — 2ne .
ol Io D,
ge Dl
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Transducers using Chang%éh
Overlapping Area co&t&@\v

N\
Measurement of Angul % g\Q&ment
Iy
N\

O
N\
&2$0 w movable

plate

S - -
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Transducers using Change-in
Overlapping Area (contd..9

Measurement of Angulav Displacement

@ = angular displacement of the-movable plate

C— er’ g (inradian),
- 2d r = radius of the smaller plate,
d = distance/between the plates.

¥
\/ 5
- oC er
Sensitivity of the transducer, § = —— = — .
00 2d
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Transducers using Change .in

Distance between the Plates
Measurement by moving one ofthe parallel plates

d
, > moving

plate T

displacement

/ d —>
fixed plate

&> cA A @C cA
e & ¢ __7
od d’
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Transducers using Change in

Distance between the Plates (contd...)
Measurement by differential arrangement

7 I
- - eA
ek on G=—
d ! — X
RS S E
T X 4 i\l movable é
displacement d T & gA
C,E, CZ —
= < l d+ x
fixed
plate P, v
X AE E
AE:EZ_Elng S:—:—
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Transducers using Variation of

Dielectric constant
Measurement of Displacemént

....................

/ /
/ l/ w -, =
// // l Initial Capce.
: | y wi, wi,
I C.=¢,—+¢e¢
. : d d
displacement % /’

| | w
K }4 L e 1 >{ =& ;(ll +8rlz)

dielectric (relative permittivity € )

wx
NV C=CAC=C, e, (g, -1) - AC =8, (e, ~1)
apce. d d
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measuring

circuit (Q,‘ ?\
7 | [ /'<§ Q %insulated
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AN

7 metal

electrodes

airor g -
dielec& Q_‘
®\ = 4 s o= g
— N —————— ——

N
v Works on the princi l@ﬁ @ltion of capacitance with the variation of
dielectric constan@gc}@-by a corresponding change in liquid level.

A
v The capacitaQ/&)cange measured by a suitable capacitive Wheatstone

bridge. \g
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Capacitive Level Gauge (contd...)

Features

v" For non-conducting liquids, a bare probe-arrangement may be
satisfactory.

v" For conducting liquids, probe plates-are insulated.

v" Capacitive level gaugesiarepopular-because they are relatively
Inexpensive, versatile,' rehable, and require minimum maintenance.

v" Can be used for measuring levels from a few cm. to more than 100 m.
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Capacitive Transducer with Solid Dielectric and
Variable Air Gap between Paralle]-Plates

_L ] e mowing late
; I~9areafA)
1
o ~air (g, = 1)
dz_I' <+ “solid
— il AR dielectric (g,)

/ | A

fixed plate i /
Capacitance C with parallel plates, each of an area  d, €1
A, and n layers of varigug-dielectric materials: d, €
C = goA d3 €3
d d d
R N
£ & Z, (n=3)
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Capacitive Transducer with Solid Dielectric and
Variable Air Gap between Parallel Plates: (contd...]

1 e moving plate

Hered, is variable,
~~ area(A) but'd, is constant

\air(81= 1) C— &,A

dZ_I- = solid ~ {dﬁdz}

=< dielectric (&,) g,
fixed plate ] e,A
If the air gap is decreased by x-heweapce.: ) Larbie= d
{(d —x)+ 2}
1+ =X v
N = d + d d <,1: AC X N @
d+% C d+d,
&
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Capacitive Transducer with Solid Dielectric and
Variable Air Gap between Parallel Plates: (contd...]

A

10 8, 710
factor of
sensitivity g _|
and
non-linearity
Yy S g,=5
b
g,=2
i ] g,=1
0 : : : . . . . . b
01 02 0510 2 5 10 20 50 100
Gapratio [ﬁ] —
dl
dz
. 1+~
N, : both sensitivity and N d +d, d,
non-linearity. factor L d d
d+-—* 1+ -7
82 d182
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Capacitive Transducer with Solid Dielectric of
Variable Permittivity or Thickness and-‘Air Gap
between Parallel Plates

AV
_L w<Jarea (A)

al d \air
T A>(dielectric (€)

PN
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Case I: Solid Dielectric with Variable Permittivity

]

_L ™~ areda(A)

T =<

dielectric (g)

IS
o cer L2
Initial capacitance: [(a “d)+ d}
&
If the permittivity )" 4 K¢ = &4
Increases by Ag, d d
new capacitance: (a-a)+ (e + 4¢)

Amitava Chatterjee

\ : Here d is constant,
al] d alF

but ¢is variable
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Case I: Solid Dielectric with Variable Permittivity
] (contd...)

_L ™~ area(A)

\ _ Here d is constant,
a _‘;_ X g but &is variable

dielectric (g)

K\
| o o, s
&,A . gd / € 1+(8)N3
(@-d)+ d {(a-d +i} ©
AC (&+de) & 1
= N, =
C &,A a—d
p 1+8( p j
-d
[(" +J AC 4z ,N_ .
cC ¢ ° " 1( d )
: i e\a—-d
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Case I: Solid Dielectric with Variable Permittivity

A
A ]
. 1 1.0
8 =
a5 0.8 —
N, 3 N,
0.6 — 45 0.6, —
T P
0.4 — 0.4
0.2 — 0:2N—
0 : l l l : : : l l = 0

0.1 0.2 05 10 2 5 10 20 50+, 100 00.1 0.2 05 10 2 5 10 20 50 100

Gap ratio [af ) 7, Gap ratio (ac—idj —
N, : sensitivity factor N : non-linearity factor
1
1 N =
N = a—d 3 1 d
1+ 8( j 1+
7 e\a—d
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Case II: Solid Dielectric with Variable Thickness

]

_L =~ area (A)

\ _ Here d is variable,
a _CTI_ X aw but is constant

dielectric (g)

l Pab illY
o § 0%
Initial capacitance; [(a _d)+ d}
&
IT the dielectric thickness C + AC = &4
increases by x, new<apaeitance: [(a d-x)+ d + x}
&
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Case II: Solid Dielectric with Variable Thickness
] (contd..)

_L =~ area(A)
\ _ Here d is variable,
al d X air but gis constant

diglectric (g)

= CX 2
AC
&,A ]_ &,4 7:§N '
@-d-x)+% | Nova? /
AC £ £
c &4 N =
{(“'d)Jrq A V' 1+8(
g C Y d
C d °
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Case II: Solid Dielectric with Variable Thickness

(contd...) (5«
10 4 &@Q\_V
8 — 4 Q?“ ?\.‘
6 Q/Q‘QQ/‘{‘?,S =
4= A‘, S = si4
= __ X =t =

\Y
C)v N e—1
N, : both s@v nd N, = o
non-Ii&/@n y factor 1+8( y j
N Y | |
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Capacitor Microphones:

an application of a displacement transducer using
change in distance between the plates

Basic Theory
dC eA

S =—= ——, Xx= distance between, the two plates.
dx X

iy

For small displacements
T plecewise about neutral position:
variation
o | WY gj> dc dC _ dx
N :—— or —=——
C X
X 7%
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Capacitor Microphones (contd...)
The Arrangement

variable T ;(]a)) :
capacitor & ' :
— R i :

: :

T L,

. frequency range
—p for accurate
measurement

plate area = A

X, Ax—x, I >
v’ For stationary capacitorplates with separation x,, e, = 0.
v' For small relativé. displacement x;, ,(s) _ Skt ;KAE, r A ¢AR
x(s) l+st’ —x == = X
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Bridge Circuits employed in connection
with Capacitive Transducers
Null Method

- \/\/ = At balance,
: (3/ e -c ?

()
&

v" The balance can be achieved by varying either R, or R,.
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Bridge Circuits employed in connection

with Capacitive Transducers (contd...)
Direct Readout Method

A

=

OO, O O
R 4
o\ O O O—
> N ac amplifier demodulator
(instrumentation
amplifier)
)

ac carrier
frequency
oscillatot

display
unit

v" The unbalanced voltage measured can be used as a measure of the

variable, unkRgwn capacitance.
Amitava Chatterjee
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Measurement of Capacitance: by

Transformer Ratio Bridges
Why Transformer Ratio Bridge?

v" It is a popular alternative to conventional ac, bridges;-because of the
versatility and accuracy that the ratio transformersigan offer.

O
4 T For-an ideal auto transformer,
N, turns E) N
y E-E- and E,=E-"7
(total turns) od——e g 1 N N
/ ! @ where
X E=4K ¢, /N
5 O

sliding contact
tapped autostransformer
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Measurement of Capacitance: by
Transformer Ratio Bridges (¢ontd...)

v'Ratio transformers, when employed in ratio’bridges, are Very similar in
operation to conventional a.c. bridges.

unknown capacitor__ %
C T ] (resistance -
A oA At balance:
- N
. N ‘E)' Rs C — z * C
o N, standard\. —T1— > standard N s
capéacitahce (PWtance 1
CS
3 and
measurement.of capacitance N
- 3 _ 1
using ratio transformer R = N R
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Transformer Double Ratio Bridges

1000 l L @ Q\?\

ot— Vad V4 %
" /] 'unknown Qvl K

I/ \\ impe @
L - ©

N2 0 AV
@3 100 \2\?‘ \é ‘bO

l s \

o 1 X )
ideal voltage transformer ﬁ?& \ \\ O~\ \\
having a secondary of =‘.7 O , n,
N, turns and tapped at O NP6 \ N
N, turns AN Ny W\, Zs 1/
Ca N2/, \ \ \ current
D - standard comparator
« ot impedance
‘ > 0 p | \

bridge
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@C) Aasic circuit for a double ratio transformer —_



Transformer Double Ratio Bridges {contd...)
|

1000 Iy
o< y Z >
Ny /| n,
/] unknown
[\ impedance |
[\
E : h N
L R4 ()
T S
100
@, | “
l N\
o | | \\ - —
ideal voltage transformer 3 \ \
having a secondary of 7 \\ |2 \ n,
N, turns and tapped at 0 6 - .
N; turns o 4 / Zs '« \‘ > MNrent At bal a.n Ce -
3
i ( standard | comparator _
—o \ impedance | \ Ilnl - 12n2
E, <
Q \
Y l >\

J_ . lnl - 2n2
basic circuit for a double ratio transformer = L -
bridge Z Z
s

C:NZnZ.C < or Z=Zlen1
Nlnl s
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