AC BRIDGES AND THEIR APPLICATIONS
CONDITIONS FOR BRIDGE BALANCE
* An ac bridge consists of four bridge arms, a source of excitation and a
null detector. The power source is an ac source and the null detector is
usually a headphone.
e An ac bridge having impedences Z1, Z2, Z3 and Z4 in its arms is shown
in the Fig. (1) below.
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Fig. (1)
e When balance of the bridge is obtained the terminals A and C are
said to be at same potential with respect to point B i.e.,

Eas = Enc (1)

e For this condition, we can write,

1171 = 127> (2)
Where
E
L = Z1+Zs3 3)

and



[ = — (4)

7,474

e Substituting the values of I1 and L2 from equations (3) and (4) into (2),
we get

E __E 4
Z1+Z5 1 T 7,47, 2
Zy I
Zi+Z3  Zo+Z,
therefore, Z21(Z2+Z4) = Z2(Z1+Z3)
Z1Z24 = 2273 (5)

 Equation (5) is called the general equation for balance of ac bridge.
Similarly, we can also write this equation in terms of admittances(Y)
instead of impedences as

Y1Ys = Y2Ys3 (6)
e If the impedence is written in the form of Z=LZ 6 , then equation (5)
can be written as

(21/01) (Za/Ba) = (Z2/02) (Z3/03)

Z1 Z4/(01+04) = Z2 Z3 /(02+653) (7)

* Equation (7) shows two balance conditions. The first condition is that
the magnitudes of the impedances satisfy the relationship shown by
equation (5).

» [t states that “The products of the magnitudes of impedances of the
opposite arms must be equal”.

* The second condition requires that the phase angles of the
impedances satisfy the relationship

By +/04 =02 + /B3 (8)

* [t states that “The sum of the phase angles of the opposite arms must
be equal”.
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MAXWELL BRIDGE

* The Maxwell bridge is used to measure an unknown inductance in
terms of a known capacitance. The circuit for the Maxwell Bridge is
shown in Fig. (1) below.

©

Fig. (1)
e As shown in Fig. (1), the ratio arm has parallel combination of
resistance R; and a capacitance C;.
* The unknown arm contains unknown inductance Lx and resistance
Rx.
* The balance condition of the bridge can be given by

Z1\Zx = ZoZ3
Zx = Z2723Y1 (1)
where Y1 = 1/Z:1 = admittance
* The bridge is balanced by first adjusting Rs for inductive balance and
then by adjusting R; for resistive balance.

* Adjustment of R: disturbs the inductive balance and Rz needs to be
modified and accordingly R; also is modified.
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 The process gives a slow convergence and the balance slowly shifts
towards the actual null point. This type of balance is called the ‘sliding
balance’. The actual null point is obtained after few adjustments.

* From Fig. (1) we can write the impedence of the arms as

_1r_r . J_1_.;

Yl_Zl_R1+X1_R1+]a)Cl (2)
Zo=Ro; Z3z=R3 (3)
Zx=Rx+jXL=RX+jO~)I-/X (4)

R + joLx = RaRs (- + jaC, )
1

R;R3
Ry

Ry + joLx = ( +ja)C1R1R2)
* Equating the real parts of the above equation we get

R, = R2R3
Ry

* Equating the imaginary parts we get
Lx = RoR3C,

e Limitation of the Maxwell bridge is that it is not suitable for the
determination of the self-inductance of coils having quality factor Q >
10 or Q < 1. It is suitable for the coils having Q values in the range
1<Q<10.

e This is because for high Q coils the phase angle is very nearly
90¢(positive). This requires a capacitor having phase angle very nearly
equal to 90° (positive).

 This situation demands that R; should be very large, which is
impractical.
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HAY BRIDGE

Cy
La
Ry ’

Fig. (1)
* Hay bridge is usually used to determine the unknown inductance of
coils having higher Q values(>10).
* It consists of resistor R:; in series with standard capacitor C; as
shown in Fig. (1).
* The balance condition for the bridge is given by
Z1Zx = Zo2Z3 (1)

* The impedances of the arms of the bridge can be given by

Z1=R1—jX01=R1—L; Zo=R2; Zs=Rs,; (2)
(L)Cl
Zx = Rx + jXLx = RX + j(DLX (3)

* Substituting the values from equations (2) and (3) into equation (1),
we get

(R1 = 2) Re+ joL) = RoRs
It can be expanded as

Ly JjRy . .
RiR, + o 122 4 jwL Ry = RyR; (4)

wCy
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* Separating the real and imaginary terms on both the sides of
equation (4) we get

R(R, + = = R,R, (5)
C1
JRy ]
_w_C1 + jwL,R; =0
w_C1 = ](L)Lle or w_C1 = a)Lle (6)

* Here both equations (5) and (6) contain Lx and Rx and to find their
values we must solve them. The solution gives the following values of Lx
and Rx.

_ wZCleRzR:g

X T 1+w?C2R? (7)
__ RyR3(Cq
And L= R ®)

* Now the impedance triangles for the inductive and capacitive arms
can be represented as in Fig. (2).

R
UL. 1 ] x
A} V4 B
Y A
Ucl Z
Fig. (2)

* In Fig. (2) 6L and 6c and the inductive and capacitive phase angles
respectively. Then from the Fig. we can write
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X wL
tan 6, Z?LZR—xZQ
X

X 1
and tan 6, =?C= R
wli1Rq

« When the two phase angles are equal, we have

tan 0, = tan 6,

1

Q= 9)

(L)C1R1

* Then Lx can be given by the equation

1+(6)
*So for Q > 10, (1/100) <<< 1 and hence we have
Lx = RoR3C,
 Thus for Q>10 Hay bridge is the most suitable bridge, however, for

Q<10, (1/Q)2 is not negligible and hence Maxwell bridge is more
suitable.
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SCHERRING BRIDGE

* A Scherring Bridge is generally used to determine the unknown
capacitance of a capacitor. However, it is sometimes also used to
measure the insulating or dielectric properties of materials.

» The circuit arrangements for the bridge are given below in Fig. (1).

©

Fig. (1)
* Here, the ratio arm has the capacitor C: in parallel with resistor R;.
* The balance condition for the bridge is given by the equation

Zx = Z073Y1 (1)

* The impedances of the arms are given by

1 j 1 .
Z TR TR TR TIOG Z:=Re; @)

= —j == ;] N = —1 = - ;
Zo= Xz = oo Z = Ra = Xox = Re - o 3)
* Substituting the values from equations (2) and (3) into equation (1),

we get
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Rio-—— =R (=2 (- +joC)

(DCX Q)CX R1
R j  _ RpCy JR>
< - = —
(L)CX C3 (1)C3R1

 Then equating the real and imaginary parts in the above equation, we
get

Ry = R2C1/Cs and Cx = CsR1/Re (4)

» The power factor for the series RC combination is defined as the
cosine of the phase angle of the circuit. It is given by

PF = Rx/Xx = (DCxRx (5)

e Similarly, the dissipation factor of a series RC circuit is defined as the
cotangent of the phase angle of the circuit. It is given by

D = oCi1R; (6)
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WIEN BRIDGE

e A Wien bridge is generally used to measure the frequency of the
source. It is also extensively used in other applications like, harmonic
distortion analyser, in audio and HF oscillators as the frequency
determining element, etc.

* As shown in Fig. (1) below, the Wien bridge consists of a series RC
combination in one arm and a parallel RC combination in the adjoining
arm.

Ed? |Detector

Ry
A >
Cs 4
Fig. (1)
* The balance condition for the bridge is given by
ZoZ3 = Z1Z4
Zo = Z124(1/Z3) = Z1Z4Y3 (1)

* Now the impedances of the arms are given by the following equations

— 1 = _ ; . = .
Z1=Ri1-jXc1 = R; oC ; Zy =Rz (2)

1

1 j 1
1/Zs=Ys=—+2=—

R X R jwCs © Zs=Ra (3)
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e Substituting the values from equations (2) and (3) into equation (1),
we get

R = (Ry — Lcl) R, (R13 +jooCs)

w

_ R4Ry | . __JR4 R4C3
RQ = R, + ](DC3R1R4 ©CR; + . (4)
* Equating the real parts we get,
_ RiRy | R4C3
Ro = R, + c
*Dividing by R4 on both the sides we get
Rz _Ri G
R, R + Cy ()
* Now equating the imaginary parts we get,
: _jRy
JwC3R Ry = ©C,Rs (6)
5 1
0 =—- where ® = 2xnf
C1C3R4R3
f= 7
- 2T C1C3R1R3 ( )
* I[f R1 = Rs3 = Rand C; = C3 = C, then we get R> = 2R4 and
- (8)

~ 2mRC
 Using the above equation, we can determine the frequency of the

source. Also the bridge can be calibrated directly in terms of frequency.
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