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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=0and Vz1=V2z2

Z
VZI =Vin 1
Zy+Z3

Z, V.
= thus

Vo, =Vin
- 2+ 2y

Z1Zy = ZyZ3| is the balance equation

Or[17, = hk
The balance equation can be written in complex form as: D
(21£6,)24£64)=(2,26,)2;£65)

And (Z,Z4£6,+64)=(2,25£6, + 6;)

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

-

1- ZIZ4 =ZQZ3
2- 491+£64=£(92+£64
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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+jX
where:

. ‘7’ is the total impedance of the circuit,

« ‘R’ 1s the resistive (real) component, and

« ‘X’ 1s 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 (Xr) and capacitive
reactance (Xc).
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alﬁx series connecti?n | X
Impedance = resistance £ j reactance L
Zr=R+jXL ad Zy=R+jol fi R
ZC =R-]XC and ZC =R-jl

o i
Conversion from polar to rectangular

Z£8 1 polar form R=Z Cosh X=ZSmd become Z=R% X

Conversion from rectangular to polar

W o=m'1% .

L Actiy

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

Magnitude balance: |44:74.4;

Phase balance:
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Example (1):
The impedance of the basic a.c bridge are given as follows:

Z;=100480° (inductive impedance)  Z, = 2500
Z4 = unknown
Sol:
T 250% 400
Z:“ Z:—:lkfl 0=0+0-
+=77 T 4 =0,+0; -6

Zy =1000£-50" (capacitive impedance)

Example (2):

For the following bridge find Zx?

The balance equation Z;Z4 = Z,Z3
Z; = R=1450Q
j V. A
el el '"@
E jocC aoC v

1KHz
Z, =300- 600

Z3=R+ joL
Z3 =200+ j100

Zy =Z, =unknown

7z ~ j600)(200+
7,=058 Z4=(300 j600) oo+;100)=266.6_j200
7 450
1
R = 266.60) =—— = 0.794F
27F 200
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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:

Fig. 11.18 mm Capacitance Comparison
Bridge

Figure 11.18 shows the circuit of a capacitance comparison bridge. The ratio arms
R1, Ro are resistive.

The known standard capacitor Cs is in series with Ra.

Rz may also include an added variable resistance needed to balance the bridge.
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Cx Is the unknown capacitor and Ry 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.

Zl =Rl

Z, =R,
Z; = R; in series with C; = R; — j/@C,
Z, = R, in series with C, = R, — j/wC,

The condition for balance of the bridge is

Zl Zx=zlz3
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By equating the real term with the real Y,
and imaginary term with imaginary we get: in @

RyR,
RiR, =RyR, R =22
—JR _—JR & wiiCe
oC,  oC; R

We can nofe that the bridge is independent
on frequency of applied source.

.Y )
R,
C=C3‘Ri
"k
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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.

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

RHR -y .
R,.= ;2 % | represent resistive balance equation
1
RyL |, : .
L, = =255 | inductive balance equation
R, V,

b) Maxwell bridge:

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

1
2124 = 2223 Zl = ?l' thus

Zy=2Z,Z3Y;| where

1
Z>r =R, Z3 =R3 Y1=—+j(oC1
2 2 Rl
Zi=R, +jal,
So

R, + jal, =R2R3(%+j(£l)
1

RHR
R, =273
Ry
Lx = R2R3C1
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¢) Hay Bridge:

Hay bridge convening for measuring high Q coils

J
1 1 oC 2 2 3 3
Zy =R, + joL,
At balance ZZy =2ZyZ;

Jj .
(Rl = E)(R\ C J(’)Lx ) =R2R3

L. JR
RIR, +—=xX—-—2+ joR|L, =R>R
11t c o TR 2aq
Separating the real and imaginary terms

L,
RIRX = R2R3 sl l)
G

R,
—— il Es s 2
aCy e @

Solving equ.(1) and (2) yields

0)2C12R1R)R3
R, = 2 3.2
1+ o Ci R{
RHR;C
I et e |

2 St Cl2 R12
6l =—64 because 2 =603 = zero
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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 81+ 84=62+63 but 61+ 64=-90
Thus 62+ 63 must equal (-90) to get balance
Atbalance |Z4 =Z,Z31;

1 -
Y1=—+j(l)C1 22 =R2 Z3 = J

Rl (!)C3
J
Zy=R, ———
e,
R I oy DTN e
(-'ch ez (1)C3 Rl
po—d _RC__JR
¥ ec, C, aC3R vV
q in@ C
R.=Ry—| ...... 1
X 2 C3 (1
Ry
Co =03 =" .anc 2
x 3 R, (2)
The power factor (pf):
R
pf =Cos6, =Z_x D

X
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The dissipation factor (D):

R, 1
D=Cot.=—2-=—=0R C, ...... (3)
C XCx ) > s ¢
Substitute equs. (1) & (2) into (3). we get

D= GJRICI

e) Wien Bridge:

This bridge is used to measured unknown frequency

J 1 .
Zy=Ry——— Zy=R 3 =—+ jaC Zy=R
1=K oCy 2 =Ky 3 R JCs 4 =Ry
z
ZIZ4=—2
n
Zy =Z21Z241;3
Ry =| Ry — J R L+j(oC‘
2 S 3
Ry R4C
Ry =004 Kl
TR Gy
Dividing by R4 we get
O 2,
LT . (1)
Ry R3 G
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Equating the imaginary terms. yield

R :
OC3Ri Ry =—2— Since 0 =27F
(0C1R3
1 . ) :
Thus |F = if Ry =R and C; =C3; then —==2 inequ.(l
27JCICRiRs 1= 1=03 R qu.(1)
And F= ‘772;2C this is the general equation for Wien bridge

B
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