Chapter 8

AC Bridges
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8- AC Bridges

AC bridges,

Maxwell Bridge,
Maxwell-Wien Bridge,
Anderson Bridge,
Hay’s Bridge,

Owen Bridge,

De Sauty Bridge
Shering bridge,

Wien Series Bridge.



1- AC bridges

A.C.Bridges are those circuits which are used to measured the unknown resistances,
capacitance, inductance , frequency and mutual inductance.

Any bridge circuit is balanced when the current through branch between two arms is zero as
well as phase.

In the simplest form an ac bridge consists of four impedances, an ac source and null detector. In
some cases ac amplifier with an output meter is used as null detector.

The null indication is obtained when the voltage at point b is
equal to the voltage at point d. These two voltages should be
equal in terms of both amplitude and phase. That means to
obtain this condition; the voltage drop across ab should be equal O,
to the voltage drop across ad. |

In terms of current and impedance we can write,

,Z=1Z,. and  LZ=LZ. 07z, irZ, Z. . = 7, Z,



Example The four impedances of an ac bridge as shown in the figure are
Z,=500<40°Q, Z,=100<90°Q, 7, =45<20°Q, Z,=30<30°Q.Find out
whether the bridge is balanced or not.

Solution: As we know in polar co-ordinate system representation, the bridge balance
conditions are

Z,Z,=2,Z7, and Z,Z,=500x 30 =15x 10’ Q

Thus, ;
Z0,+ £0,= 20, + 20, Z,Z,=100x45 =45 x 10" Q

20, + 20, = 40° + 30° = 70°

492 + 483 - 900 -+ 200 = 110°

bridge is unbalanced.




2- Maxwell’s Bridge

Maxwell Inductance Bridge

In this bridge arrangement the value of unknown inductance is measured by comparison with a
variable standard self-inductance. Figure shows the circuit arrangement for Maxwell’s
inductance bridge under balance condition. Two branches bc and cd consist of non-inductive
resistance R; and R,. One of the arms ad consists of variable inductance L, connected in series
with variable resistance R,. The remaining arm ab consists of unknown inductance L, and
resistance R;. A source of current is applied to two opposite junctions across ac and a null
detector is connected to the other two junctions b and d.
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2- Maxwell-Wien Bridge

Maxwell Inductance Capacitance Bridge

In this bridge arrangement, the value of unknown inductance is measured by comparison with a
variable standard capacitor. Figure shows its circuit arrangement. Two arms bc and ad consist of

non-inductive resistance R, and R;.
One of the arms ac consists of variable standard capacitor C connected in parallel to a non-

inductive resistance R4. )
The remaining arm ab consists of unknown inductance L, of effective Léé‘éj\\
resistance R;. A source of current is applied to two opposite junctions s Ry
across ac and a null detector is connected to the other two junctions T
b and d. Hence, the impedances of four arms are

&
At balance we get c
2y _Z3 ,
z, 7z, Zi=R +joL; Z,=R, Z3 = Ry A
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R,

R, + joL,)
Ry +JOL) 0 C R,

- R2R3

RyR;

Hence, from the above condition for bridge balance the unknown
inductance value can be determined by comparison with variable
standard capacitor.




Advantages Disadvantages

* The balance equation is * Tt cannot be used for measurement
independent of frequency. of high Q values (Q=10).

* It 1s useful for measurement of * It cannot be used for measurement
wide range of inductance at power of very low QQ values, because of
and audio frequency. balance converge problem.

e The scale of resistance can be calibrated

| to read inductance directly.
(o)




Example
A Maxqgell-Wien bridge uses a standard capacitor of C = 0. | uF and operates at a supply
frequency of 100Hz. Balance is achieved when R, =1.26kQ) ,R;= 500Q), and R, =410 Q. Calculate

the inductance and resistance of the measured inductor,

L= RyR;C | -1.26kQ x500Q x 0. | uF
= 63mH

R,R 1.26 kQ % 500 () |
Ry=—22 =" "2 = 1.34k0)

R, 470 Q




4- Anderson Bridge

e This bridge, in fact, is a modification of the Maxwell-Wien bridge.
* In this method, the self-inductance is measured in terms of a standard capacitor.
e Figure shows the connections of the bridge for balanced conditions.

From loop abd [,[|R+Jwl) = I.Rs+1 1
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“\ wC | ) 1,
I p - g
- 1 &

hﬁé :
From loop dce I.LR. =1 I — o c
p Ro=Lreloe s Lo
\E'E i (ﬁ .

| 2 Ic = | r 7y, [ Tf‘.‘;%‘*

from the the rule at any junction the input current equal the \/
output d

L=L+] = Ic+ 14 )

At balance between b and d l,
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[,(R+JoL) _ IRy+Ir _LRy+Icr Ic[(IR3/Ic)+ 1] _(IR3/Ip)+r

I,LR,  —JJwC -JNc/wC ~—  -Ji./aC - J/@C

L _TR2R3+R2R3R4+rR2R4 Rl _R3

c R, and IR, Ry

the equations of balance
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Advantages

Disadvantages

* Anderson’s bridge balance 1s easily
obtained for low Q coils.

* The bridge can be used for accurate
determination of capacitance in
terms of inductance.

* Itis complex.

* The bridge balance equations are
not simple. They are rather more
tadious.
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Hay’s Bridge

It is also a modification of the Maxwell’s Wien Bridge and is particularly useful if the
phase angle of the inductive impedance is large.

The limitation of Maxwell’s bridge is that it can be used for high Q values.The Hay’s
bridge is suitable for the coils having high Q values.

The different in Maxwell’s Wien bridge and Hay’s
bridge is that the Hay’s bridge consists of resistance
R, in series with the standard capacitor C in one of
the ratio arms. Hence for larger phase angles R,
needed is very low, which is practicable.

J
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It is best suitable for the
measurement of inductance with
high Q, typically greater than 10.
It gives very simple expression for
Q factor in terms of elements in
the bridge.

It requires very low value resister
R, to measure high Q inductance.

It 1s only suitable
for nmeasurenent of
hi gh Q i nduct ance.

©
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This bridge used to measure the self-induction L of the coil with capacitor and two

variable resistors

Z, 73

Z, Z,

. RI
CRR,—J—==-]

mEE

L :C1R1R3

R1C; =R,(C,
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6- Owen Bridge,

_ J
R] . U)Cl
R, +JoL ]
2 @ Rj -
mC,y
R-.-
2 L
il C

from this equation
measure L

from this equation
measure C,




/- De Sauty Bridge

This is the simplest method for capacitance measurement fig. shows the
basic circuit arrangement.

From t he bal ance

J
Rl _ U)Cl _ C2
R, o Cy




8-Schering Bridge

Schering bridge used for the measurement of
capacitance and dielectric loss of a capacitor.

It is a device for comparing an imperfect capadipr

in terms of a loss-free standard capacitorAS shown A

in fig.
1 1
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9-Wien Series Bridge

It is a bridge used for the measurement of frequency.

Apart from this it has a variety of applications in the harmonic
distortion analyzer where it is used as a notch filter,discriminating
against a specific frequency in the audio and HF oscillators as
frequency determining against a specific frequency in the audio and
HF oscillators as frequency determining element.

b

Mechanical
coupling

Hence, the impedances of four arms are

1 R, 7. =R _
7 = R I —— | = » = Ry + -
‘ ( l”j(nCl) l +joCR, . . JoC, C;
()
Z; =R, Z, =R,

Hence, from balance

}?4 ]?9 + (jl uf? 1
R, R, G, 2n\R,R, C,C,
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Example

The arms of a four-arm bridge a, b, c and d supplied with sinusoidal voltage have the

following values.
arm ab:
arm bc: 400 Q resistance

arm cd: 1 kQ resistance

arm da: A resistance R, in series with 2 UF capacitance

Determine the value of R, and frequency at which the bridge will

balance?

Solution  from balance equation

R, R, C, R:(&_Q)R
R_?)—R_l-'_a : 2 R3 C2 |
(1000 2x 107° — 19 KO
_(400 2><106)X800 |
1 | |

2n\R|R, C,C, 2n\f1200 x 1000 x2x 10°%x2x 10°

A resistance of 800 Q in parallel with a capacitance of 2 uF

400 k€

@'QA\
1 kQ
R2
d
(~)
)
E
= 72.6 Hz




Multiple Choice Questions

1. Maxwell inductance capacitance bridge is used for measurement of inductance of
(a) low Q coils (b) medium Q coils
(c) high Q coils (d) low and medium Q coils

2. Frequency can be measured by using
(a) Wien bridge (b) Schering bridge
(c) Maxwell bridge (d) Heaviside Campbell bridge

3. The effective reactance of an inductive coil

(a) increases because of stray capacitance as frequency increases
(b) remains unchanged

(c) decreases because of stray capacitance as frequency increases

4. Inductance can be measured by
(a) Maxwell bridge b) Hay bridge
(c) Schering bridge (d) Wien bridge



