Bridge Amplifiers:

e The output signal from a resistance

bridge is usually very small in ‘ o '
comparison to the reference signal, . ! K >
and it has to be amplified to increase - w:/*/ ;
its voltage level to a useful value ' "
(e.g., for use in system monitoring,
data logging, or control). : -
- 0.IpF 11
e This is typically an instrumentation = i
amplifier, which is essentially a ~. =1
sophisticated differential amplifier. il 4 >- »
| treassoy b— Ay =100
o The bridge amplifier is modeled as a T2
simple gain K, which multiplies the e
bridge output. = =5y

Half-Bridge Circuits:

e A half bridge has only two arms.

e OQutput is tapped from the mid-point of these two arms.

e The ends of the two arms are excited by two voltages, one of which is
positive and the other negative.

e Initially, the two arms have equal resistances so that nominally the bridge
output is zero.

o One of the arms has the active element. Its change in resistance results in a
nonzero output voltage.

e It is noted that the half-bridge circuit is somewhat similar to a potentiometer
circuit (a voltage divider).
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The two bridge arms have resistances

R, and R,, and the output amplifier "y .
uses a feedback resistanceR;. By g A —
ey
To get the output equation, we use the | A
two basic facts for an unsaturated op- L j‘*—m—*—“ Cas
amp; the voltages at the two input leads P - ”
are equal (due to high gain), and the
current in either lead is zero (due to s

high input impedance). Hence, voltage
at node A is zero and the current
balance equation at node A is given by:

mc]c ﬂ/\/\f‘f‘ iIn
T " SES -
R, Ra R¢
; . L _L
which moams: V72 Re (778 ) Vg —O®
Assame Initaly R= R,z R 5 Ehange R by §R

: L_ 1
gvo" R-F( R R"'XP‘ (U.-(Cf == D‘\;QP\ ;Q_L E.Qj—-:—o.

SV _ Rg <%SK—7R/ _Re [5Ry
U;d. R R+§ R R 1+ 8 R/

Rifg, s tha Awplifior gains o 10 2B

)

3 Won- Linwfy d{- kp.ﬁ-f Lr\“o(?c s Werse thall fxad
0{: whetslome Iow%
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Impedance Bridges: o

Output
v,

e AC Bridge
e Contains four impedances: Z;,7,,Z3 and Z,

'U”‘&: Carmier + AC S*‘—f'fty

,voj JCMo“thTL

.6no(ﬁ¢ Car lbe uged Fo  mealuve XG/XL. O
\w ﬁCVxSWS ¥ 05@[00\:{’%’ Covirnts as (@) Vo

-F:r-ca‘ S ) gM'fS L/ Ac {AC supply)
s(w)= Zidy —Z.E€3 U:e,f (). ‘Q"T"“‘"?' Acfeuda»—cy
@tfz‘z)ﬁzg‘*z‘w‘)
Igalmu.a\ Conditomn 3 2. o 3
Owen Bridge: . 2y

Ex. of Me««'Sw’u\j €3 ard/oR Ly by k:\lmw.

. — d‘ , Cap: ‘:C_AV
Td: Vo L.._‘-. p: t o

|v\ Lkr(d\‘e Ve T‘ﬂr\sFovf:.‘«—c:Hm

Todadre s V) _ L(S) 5 Tupedone 2,2)C
()
LN
x . sy _ 31 ‘?,,4.,“_2.,
( g U T oe(s) >+ ¢ Jwe it
. ———-I .2 = Rye Z3= R s T4 4+JNL4’ © freeginiely

\"":l /T2 / Jwiy

P BalMCch Bﬂdjt & _ 43 ﬁ_ﬂ%&'w Zl-Z*—,ZZ-Z—i
2, =247
N ]

". w = Rl(Rs‘rJUCB) ) MOW Equﬁ_'{',% Qul %Iw\ﬁ.@‘{g.

=
af
24

Jwe,
L Ry . Ra
+}6LL+ = @ Rt Re 5 5 B0y Mé“—-——
\)wc chs \ 3
¢, R Rs a~d.  C3= RLC‘

4 Lq C—} Cam be ofof‘atw%o{ 'Dy Cl 2:. 23 21. Undan L_Jm..l cw.L'hM
F\xC and Ry - Ad)ustable Rz can b\o, uied 1o measure Viselikla L‘#
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Wien Bridge Oscillator:

s P Hoes Ctrcwﬁ; we have
R

le_ [ Zz:' RZ— V,
Zy= Ry +- l
U Hs %
-—L. = 1 .'_3 wC, ; Admutfance Cy 5
'24_ R4 <
()
Bridge to be balanced = b

_RL: (Rg*:L >.<'\‘TJL\)C
Ry ch; "4 4

Eq(m.‘h;ﬂ Resl P ar-1s

Ri . R &t
Fi:z. FL¢$ C:.S

Imaﬂ FV\MY Pcw‘('j

0 = wc4k3mi—— (wete J“%)

WC, R,
T w | s SN, S
W e, Ry = era o C ta s
W= —fl e Oscollader Notural 'Frac{w)f
" W Undsrbalanced Eqpuations -

o C\rtwd' Can be used 4o wmeasuve Makrown Resistance C\-: Sﬁt;:)
by ""e“«suf’;ﬂ (4st) —FA‘—‘(W“"‘y CF L:'ra‘o\a,e 4 Reso~ance.
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Response parameters for time-domain specification of performance:

Percentage overshoot

Delay Time: Response boundary

This is usually defined as the time taken "

to reach 50% of the steady-state value for s if f e e
the first time. This parameter is also a \ o) | "
measure of speed of response. '

+=2% ]
oy

{ |
i o~
! Settling time

Peak Time | boundary

The time at the first peak of the device |

response is the peak time. This parameter I ekl

also represents the speed of response of E -
T. ime

the device.

Settling Time

This is the time taken for the device response to settle down within a certain
percentage (typically+2%) of the steady-state value. This parameter is related to
the degree of damping present in the device as well as the degree of stability.

Percentage Overshoot

This is defined as, PO = 100(Mp — 1)%, using the normalized-to-unity step
response curve, where Mp is the peak value. Percentage overshoot (PO) is a
measure of damping or relative stability in the device.

Simple Oscillator Model: .

. Pe,ma‘s Pe,ry[#m»m\a 4 Viardpew obveess

. DOfendA:\a, o U Sl of anpins : Dselldry and Wo -5
behaviowr Ca—~ be m,}or&fenf‘e_d_. Meddel Can be - napendd_ad:

. w: exeifation,

- 2 2
V+ 28wyt Yig- Wralt)) " daeqed Notod £

cfation s STEP FuncTioN with ZERo mitial con )
93[ “ ! -—gl‘)nt y ¢
4= 1— g7 Sin(wutt?)

] 5>
csgp= 8

Far AT@'\SJMC@{T Aesired 1o /\MSMM rise '6*4/ St ,Zeﬁllvst(‘““*
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TABLE 3.1
Time-Domain Performance Parameters Using the Simple Oscillator Model
&
Performance Parameter Lxpression
N T =t _
Rise Time IS withcos d = ¢
ey
Peak Time T o e
! .
Peak Value M, — 1—g "oV
Percentage Overshoot (PO) PO - 100 e F 6V I
. - 1
Tune Constant ¥
Ly,
V00241 =7 A
Settling Time (2%) T . - - =onm e —
Ly (g,

An automobile weighs 1000 kg. The equivalent stiffness at each wheel, including
the suspension system, is appmxlmatel}, 60.0 » 10° N/m. If the \uspcnsmn is designed
for a percentage overshoot of 1%, estimate the damping constant that is needed at
each wheel.

Solution: (4,5;»-3 A S““"‘f/( os&_www’t‘;—‘;‘;‘z/{ oﬂ, (fu..fuv«—-
my +by + ky= K“—Ct) m= n\aSS—zro b= JWW
-7(@-«[&4 5'{"«“% 6o X lo 'Vm.

250 ¥+ B; +hy= Ru(t) displace mad -excitation @ ensh wheel

F-O: 'A )
goby v byo(k)w
k- W > }.’?

Frem T’VLL aﬁ,ﬂz (for poresit O varshoot - P.0)
-n€ a fo 7,
| - loo = L= 0-83,substifele
e )

bA3 =

- 643% 10 N/n/&_c.

2\/70% [65y 250
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Active Transducer:

External power is required to operate active sensors/transducers, and they do
not depend on their own power conversion characteristics for operation.

A good example for an active device is a resistive transducer, such as a
potentiometer, which depends on its power dissipation through a resistor to
generate the output signal.

Note that an active transducer requires a separate power source (power
supply) for operation,

Passive transducer:

Draws its power from a measured signal (measurand).

Since passive transducers derive their energy almost entirely from the
measurand, they generally tend to distort (or load) the measured signal to a
greater extent than an active transducer would. Precautions can be taken to
reduce such loading effects.

On the other hand, passive transducers are generally simple in design, more
reliable, and less costly.

For example, a piezoelectric charge generation is a passive process. But, a
charge amplifier, which uses an auxiliary power source, would be needed by
a piezoelectric device in order to condition the generated charge.

Error Analysis:

Error = (instrument reading) — (true value)

Measurement Accuracy: Determines the closeness of the measured value to
the true value

Instrument Accuracy: Related to the worst accuracy obtainable within the
dynamic range of the instrument in a specific operating environment
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