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2-Ac Bridge and Their Application: The ac bridge is a natural outgrowth of the dc bridge and in its basic form consists of four bridge arms, a source of excitation, and a null ac detector. For measurements at low frequencies, the power line may serve as the source of excitation; but at higher frequencies an oscillator generally supplies the excitation voltage. The null ac detector in its cheapest effective form consists of a pair of headphones or may be oscilloscope. The balance condition is reached when the detector response is zero or indicates null. 
Then VAC = 0 and VZ1 = VZ2
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Review on AC Impedance  
Alternating Current (AC) Impedance, denoted by ‘Z’, represents the opposition to the flow of AC current in an electrical circuit.  
It’s a complex value comprised of real and imaginary parts, namely resistance ‘R’  and reactance ‘X’, respectively. 
The AC impedance formula is represented as: 
Z = R + j X 
where: 
 ‘Z’ is the total impedance of the circuit, 
 ‘R’ is the resistive (real) component, and 
 ‘X’ is the reactive (imaginary) component. Here, ‘j’ represents the imaginary unit in electrical engineering, equivalent to the square root of -1. 
 
Furthermore, in AC circuits involving inductors and capacitors, the reactive component can be broken down into inductive reactance (XL) and capacitive reactance (XC).
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Comparison Bridge: 
There are two types of Comparison Bridge, Namely 
1. Capacitance Comparison Bridge 
2. Inductance Comparison Bridge 
 
 
1. Capacitance Comparison Bridge:
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Cx is the unknown capacitor and Rx is the small leakage resistance of the capacitor. In this case an unknown capacitor is compared with a standard capacitor and the value of the former, along with its leakage resistance, is obtained. Hence.
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2.Inductance Comparison Bridge:
Figure 11.20 gives a schematic diagram of an inductance comparison
bridges. In this, values of the unknown inductance Lx and its internal
resistance Rx are obtained by comparison with the standard inductor and
resistance, i.e. L3 and R3

[image: ]



[image: ]



2\An Inductance Comparison Bridge is used to measure an unknown inductive impedance at a frequency of 3 kHz. The bridge constants at balance are:
· L₃ = 50 mH
· R₁ = 5 kΩ
· R₂ = 20 kΩ
· R₃ = 40 kΩ
Find the equivalent series circuit of the unknown impedance.
Required:
Determine the equivalent series values of the unknown inductor:
· Lₓ (unknown inductance)
· Rₓ (series resistance of the unknown inductor)
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So two conditions must be met simultaneously when balancing an ac bridge

Magnitude balance:  |Z2s—2:Z]
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Example
The impedance of the basic a.c bridge are given as follows:
Z)=100£80° (inductive impedance) ~ Z, =250Q  Z3 =400£30° (inductive impedance)
Zy = unknown
Sol:

4Y4) 7= 250% 400
= =

bz
= 100

= [6,=6,+6-6 6, =0+30-80=-50°

2, =1000£-50° (capacitive impedance)
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Example (2):

For the following bridge find Zx?
The balance equation  ZyZy = Z,Z3
7y =R=1450Q

V, A
Zz:}HL:RfL :n@

joc oC v
1KHz
Z, =300~ j600
Zy=R+jal

Z3=200+ j100
2, =Z, = unknown

2,2 (300~ j600)2
z,=525b Zﬁ(oo j600): ()0441()0):266'6_J200
A 450
R=266.60 c= =0.794F
22 X200
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Rs

Fig. 11.18 mm Capacitance Comparison
Bridge

Figure 11.18 shows the circuit of a capacitance comparison bridge. The ratio arms
Ry, Ry are resistive.

The known standard capacitor Cs is in series with Rj.

R3 may also include an added variable resistance needed to balance the bridge.
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Z, =R,
=R,
Z, = Ry in series with Cy = Ry — j/0Cy
Z =R, in series with C, = R, — j/&C,

The condition for balance of the bridge is

B2 7y
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By equating the real term with the real

and imaginary term with imaginary we get:

R\R, -

R,R,

RR, =RyR; R =—2-x
> R

=R =R c. =BG
oC,  oCs =B

‘We can note that the bridge is independent
on frequency of applied source.
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1. A capacitance comparison bridge is used to measure a capacitance
impedance at a frequency of 2kHz. The bridge constants at balance are
C;=100uF, R;=10kohm, R,=50kohm, R;=100kohm. Find the equivalent
series circuit of the unknown impedance.
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Fig. 11.20 mm Inductance Comparison
Bridge
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The unknown inductance is determined by comparing it with a known standard inductor.
At balance we get

_RoRs

represent resistive balance equation

inductive balance equation
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b) Maxwell bridge:

"This bridge measure unknown inductance in terms of a known capacitance. at balance

1
22,=22;  Z=y ths
1

24=2,23%  where

Z,=R, Z3=R3y § :%J'”’Cl
¥

Z, =R+ jaL,

So

R, + jaL, :R2R3[%+}mq)
1
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¢) Hay Bridge:
Hay bridge convening for measuring high Q coils

J

U eI 7 SR, Z3=R
1 1 o, 2 2 3 3
Zy=R +jaL,

At balance Z1Zy=Z5Z;

[R, ~é](R‘ +joL.)=RyR;

L JR. r
RR +=X—-"%4 jaRL, =RyR
et g JaRLy =RyRy v,

in
Separating the real and imaginary terms

RyR; ... (1)

«:2)

Solving equ.(1) and (2) yields
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_ 0’CIRR,Rs
= 1+ (02C12R12
__RRG
* " 1+ 02C2RY
61=—-64 because 62 =63 = zero

R

X
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d)Schering Bridge:
Schering bridge used extensively for capacitive measurement. (C3) is standard high mica

capacitor for general measurement work. or (C3) may be an air capacitor for insulation

measurements. The balance condition require that ~ #1+ 64 =62+ 63 but 61+ 84=-90

Thus 62+ 63 must equal (-90) to get balance

Atbalance (Z4 = Z,Z3]

-

1
YHi=—+joC, Zy=Ry Z3=—2>
1 R Gy =) 3 oCs

The power factor (pf):
R.
P =Cost, =2 o

x
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The dissipation factor (D):
D=Cotf, = R
X

3)

x
Substitute equs. (1) & (2) into (3). we get
D=oR G

e) Wien Bridge:

This bridge is used to measured unknown frequency

J 1 <
Zy=R——— Z, =R B =—+ joC: Z4=R
1 10C1 2 2 3 ) Jacs 4 4
le4=é

g
Zy=Z1Z41

j 1,
Ry =|Rj—— —+ joC:
2 (1 o 4(R3 J 3)

7, < RiRs | RiCs

TR G
Dividing by Ry we get
Ko Ri B o

B Ry G
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Equating the imaginary terms. yield

OC3R\Ry = Since @ = 272F
@C\ Ry
. Ry .
Thus [F —_— if Ry =Ry and C; =C; then —==2 inequ.(l)
27,JCiC3R Rs Ry

And F= ':lRC this is the general equation for Wien bridge
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V1 =Vin
LT

L4 thus Vi

Vy,=Vin
2 T

Z)Zy = Z)Z3| is the balance equation

Or|hYy =hl
The balance equation can be written in complex form as:
(21£6,)2,26,)=(2,26,)2:26)

And (2,226, +6,)= (2,236, + 65)

So two conditions must be met simultaneously when balancing an ac bridge

- ZZy=274
2 L6+ £04=L6,+ L6,
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a|In series connection
Impedance = resistance = j reactance

Z=R+jll ad Ip=R+jol

1
Io=R-XC ad Z,=R-j—
=1~ C ld

Conversion from polar to rectangular
248 inpolar fom R=Z(Cosh X=ZSinf become Z=Rt jX

Conversion from rectangular to polar
Z=Rt X nrectmglarfom 2=k +X° o=m"% mo%
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