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Network Analysis and Bridges.
Part -2 Bridges and Their Applications
DC BRIDGES
INTRODUCTION

Bridges are used to measure the values of the electronic
components. For example a Wheatstone bridge is used to measure the
unknown resistance of a resistor. However they are also used to
measure the unknown inductance, capacitance, admittance,
conductance or any of the impedance parameters.

Besides this bridge circuits are also used in the precision
measurements in some circuits and for the interfacing of transducers.
Actually nowadays fully automatic bridges which electronically null a
bridge to make precision measurements are also used.

WHEATSTONE BRIDGE: BASIC OPERATION

Fig. (1)

* The circuit diagram of Wheatstone bridge is shown in Fig. (1). the
four arms of the bridge ac, ad, cb and db contains the four resistors Ri,



R2, Rz and R4 respectively. G is a galvanometer or the null detector. E
is the source of EMF.

e I1, Io, Iz and I4 are the currents through the resistors Ri, Rz, Rz and
R4, respectively.

e When the current through galvanometer is zero, at that time
terminals c and d are said to be at same potential with respect to point
ai.e.,

Eac = Eaq (1)

e Hence the currents I; = I3 and I> = [4. This is called the balance of the
bridge. And for this condition, we can write,

[iR; = 2Ro (2)
Where
E
=1 = o 3)
And
E
L =1y = (4)

» Substituting the values of I1 and I> from equations (3) and (4) into (2),
we get

leR3 1= RZER4 Ry
Ry, _ Ry
Ri+R;  Ry+R,
Therefore, R1(R2+R4) = R2(R1+R3)
RiR4 = RoR3 (5)

* Equation (5) is called the balance equation (condition) of the bridge.
Here, if R4 is an unknown resistor, then its resistance Rx can be
measured using the equation



RiRx = R2Rs

R;R
Ry = =22 ©)

e Here resistor Rz is called the standard arm, whereas Ry and R; are
called the ratio arms.

MEASUREMENT ERRORS (LIMITATIONS OF THE WHEATSTONE
BRIDGE CIRCUIT OR SOURCES OF ERRORS IN WHEATSTONE
BRIDGE MEASURREMENTS)

* The major sources of errors in the Wheatstone bridge measurements
are as follows:

(1)

(2)

(3)

(4)

Insufficient  sensitivity of the null detector
(galvanometer).

Heating effects of currents through the arm resistors:
The currents flowing through the resistors produce
heating effects in them and changes the resistance
values. This affects the bridge balance. It leads to the
I°R losses in resistors. If an excess amount of current
flows, the resistance values change permanently and
this affects the subsequent measurements. This error
becomes substantial particularly when low resistance
values are to be measured. To avoid this, the current
must be limited to a safe value.

Thermal EMF in the bridge circuit or the galvanometer
circuit can also cause problems when low-value
resistors are being measured. This limitation can be
overcome using high sensitivity galvanometer having
copper coil and copper suspension system in it.

Leads and Contacts: the resistance drops in the leads
(wires) and contacts which are used in the external
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bridge circuit affects the balance of bridge. This error
can be minimized using a Kelvin bridge circuit.

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.
* An AC bridge having impedances Zi, Z2, Z3 and Z4 in its arms is
shown in the Fig. (1) below.

ZS Z4_

D
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,

1Z1 = 12Z» (2)
Where
[, = —2 (3)

17 72,42,



and

I, =— (4)

Zy+7Z,

» Substituting the values of I1 and I> from equations (3) and (4) into (2),
we get

E _E /
Z1+Z: 1 T 7,47, 72
Z. I
Zi+Zs  Zo+Z4
Therefore, Z21(Z2+Z4) = Z2(Z1+Z3)
2124 = ZoZ3 (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 impedances as

Y:1Y4 = Y2Ys (6)
» If the impedance is written in the form of Z=LZ 0 , then equation (5)
can be written as

(21/01) (Z4/03) = (Z2/02) (Z2/03)
YA Z4Zi91+94) =7 Zs{(92+93) (7)

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

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

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

b1 +/0s =02 +/05 (8)



* [t states that “The sum of the phase angles of the opposite arms must

be equal”.
MAXWELL BRIDGE
e 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.

c®

Fig. (1)
e As shown in Fig. (1), the ratio arm has parallel combination of

resistance R: and a capacitance C;j.
e The unknown arm contains unknown inductance Lx and resistance

Rx.
* The balance condition of the bridge can be given by

Z1Zx = Z2Z3
Zx = Z273Y1 (1)
Where Y1 = 1/Z: = admittance
* The bridge is balanced by first adjusting R3 for inductive balance and
then by adjusting R; for resistive balance.

e Adjustment of R: disturbs the inductive balance and Rs 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 impedance of the arms as

_r_r.,J_1

Yl_Zl_R1+X1_R1+]a)C1 (2)
Zo =Ro; Z3=Rs3 (3)
Zx= Rx + jXL = Rx + joLx (4)

R + joLx = R2Rs (== + jaC; )
1

RyR3
Rq

R + joLx = (22 + joC Ry R, )

* Equating the real parts of the above equation we get

_ RzR3
Rq

Rx

* Equating the imaginary parts we get
Lx = RoR3Cy

 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).

e This situation demands that R: should be very large, which is
impractical.



SCHERING BRIDGE

e A Schering 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 = Z0273Y1 (1)

* The impedances of the arms are given by

1y ol 1

= =—4jwC; ; Zs = Ro; 2
R X R, TI0U 2= Ro (2)

73 = _jXC3 = i Zx = Rx—jXCx = Rx - . (3)

wCsz ’ wCx
» Substituting the values from equations (2) and (3) into equation (1),
we get



Ry - —— = Ro (_—’) (i +ijl)

wCyx wCyx R4
' R,C jR
Ry - L 2
(,l)CX C3 (I)C3R1

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

Rx = R2C1/C3 and Cx = C3R1/R2 (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 = Q)CxRx (5)

» 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 = oCiR: (6)

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 analyzer, 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

Fig. (1)
* The balance condition for the bridge is given by
2273 = Z1Z4
Zo =7Z1Z4(1/Z3) = Z1Z4Y3 (1)

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

SRy —iXe; =R - . - R, .
Z1=R;1—-jXc1 = R: oC ; Zy =Rz (2)

1

l/Zs—Ys—R—3+X—C3_R—3+](0C3 ; Zs=Ra (3)

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

R2=(R1——)R4( +jorCs)

R1Ry
R3

iR R,C
Ry +43

R =
(DC1R3 C1

+ jwC3R R, —
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* Equating the real parts we get,

_ RiRy n R4C3

R
2 R3 C1

*Dividing by R4 on both the sides we get

R R C
2142 (5)
R, R; Cg

* Now equating the imaginary parts we get,

JR4

jwC3R1Ry = oCLR, (6)
w2 =— h = Onf
= CIGRRS where o = 27
f=——— 7
- 2T C1C3R1R3 ( )
 I[fR1 =Rs =Rand C; = C3 = C, then we get R> = 2R4 and
A (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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MULTIPLE CHOICE QUESTIONS

How many arms does a Wheatstone bridge possess?
(a) one (b) two (c) four (d) three

When a Wheatstone bridge is balanced ideally the current
through the galvanometer should be

(@A) O A )1A (¢J1.5A (d)2A

Wheatstone bridge is used to find unknown

(a) resistance (b) reactance (c)inductance (d) capacitance
In an ac bridge the null detector is usually

(a) a galvanometer (b) an ammeter

(c) a head phone (d) a voltmeter

The inductive reactance of a coil(Xy) is given by the following
equation

(@) XL = (1/2x)fL (b) XL = 2x/(fL) (c) Xi = 2fL (d) XL = 2xf/L
The capacitive reactance of a capacitor (Xc) is given by the
following equation
(a) Xc = 1/fC (b) Xc =1/(27fC) (c) Xc = 2n/fC (d) Xc = 2nf/C
Maxwell bridge is generally used to measure the unknown
(a) resistance (b) reactance (c)inductance (d) capacitance

Maxwell bridge is suitable for the coils having Quality factor in
the range

(@) 0.1<Q<1(b)1<Q<10 (¢)0.01<Q<0.1 (d10<Q<1
Hay bridge is suitable for the coils having Quality factor
@ Q>10 (b) Q<10 (¢JQ=10 (d Q<1
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10.

11.

12.

13.

14.

15.

16.

W N

Scherring bridge is used to determine the unknown

(a) resistance (b) reactance (c) inductance (d) capacitance
Wien bridge is used to measure the unknown

(a) resistance (b) reactance (c) frequency (d) capacitance

When the balance condition is satisfied in an ac bridge the
ratio of of the adjoining arms are equal.

(a) resistances (b) impedances (c) reactances (d) phase angles

When the balance condition is satisfied in an ac bridge the
sum of the of the opposite arms are equal.

(a) resistances (b) impedances (c) reactances (d) phase angles

When the balance condition is satisfied in an dc bridge the
ratio of the of the adjoining arms are equal.

(a) resistances (b) impedances (c) reactances (d) phase angles

An inductor offers a resistance to the high frequency
current flowing through it.

(a) low (b) zero (c) high (d) infinite

A capacitor offers a resistance to the high frequency
current flowing through it.

(a) low (b) zero (c) high (d) infinite

SHORT QUESTIONS: (TWO MARKS)

. Draw the circuit diagram for the Wheatstone bridge and write its
balance condition.

. Write the balance conditions for an AC bridge.

. Enlist the possible sources of errors in the Wheatstone bridge
measurement.

. Explain the effect of heating of resistors and the thermo-emf on the
Wheatstone bridge measurements.
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. Explain the effect of leads and contacts and the thermo-emf on the

Wheatstone bridge measurements.

. Write a note on limitations of Wheatstone bridge.
. Discuss the limitations of Maxwell bridge.

LONG QUESTIONS

. Discuss the basic operation of a Wheatstone bridge and derive its

balance condition. (4)

. Discuss in detail the various sources of errors associated with the

Wheatstone bridge measurements. (4)

. Derive the balance condition for an AC bridge with the help of the

necessary circuit diagram. (4)

. Describe the construction and working of Maxwell bridge and

discuss the procedure to determine the unknown inductance of a
coil using it. Also explain its limitations. (7)

. Explain the construction and working of a Schering bridge in detail.

(S)

. Explain the construction and working of a Wien bridge in detail. (5)
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