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‘é\/;g, 1 Wheatstone’s bridge

| An important application of Kirchoff’s law is the Wheatstone’s bridge (Fig

2.12). Wheatstone’s network consists of resistances P, Q, R and S connected to

. form a closed path. A cell of emf E is connected between points A and C. The

\ current I from the cell is divided into I, I, I3 and I, across the four branches. The

S7

PR Th s T e
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current  through the galvanometer is Ig' The

resistance of galvanometer is G.
Applying Kirchoff’s current law to junction B.
Il - Ig - 13 - O ..-(1)
Applying Kirchoff's current law to junction D

I, + Ig -1,=0 ...(2)

Applying Kirchoff’s voltage law to closed path
ABDA ’

LP+IG-1,R=0 -(3) I' g
Applying Kirchoff's voltage law to closed path Fig 2.12 Wheatstone’s
ABCDA " bridge

4P+ 1,0 - S -L,R =0 .(4)

]
When the galvanometer shows zero deflection, the points B and D are at same

potential and Ig = 0. Substituting Ig = 0 in equation (1), (2) and (3)

I, =1, -+(5)
I, =1, ..(6)
I,P = LR (7)

Substituting the values of (5) and (6) in €quation (4)

I, P+ Q) =1, (R+S)

{8}
Dividing (8) by [7)
L(P+Q) _L(R+S)
LP LR g
. P+Q R+S \
" P R
1+9=1+§ |
P R -
Q_s Z-R
“p — R or Q S
This is the condition for bridge balance If p
resistance S can be calculate:as\(\/\/ » Q ang R are known, the

S8
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2.7 Kirchoff’s law

Ohm’s law is applicable only for simple circuits. For complicated circuits,
Kirchoff's laws can be used to find current or voltage. There are two generalised

laws : (i) Kirchoff’s current law (i) Kirchoff’s voltage law

Kirchoff’s first law (current law)

Kirchoff's curren. iaw states that the algebraic
sum of the currents meeting at any junction in a
circuit is zero.

The convention is that, the current flowing

towards a junction is positive and the current flowing

avay from the junction is negative. Let 1,2,3,4 and 5

be the conductors meeting at a junction O in an

Sectrica] circuit (Fig 2.10). Let Ij, I, Iyy Ly and Is € gy 5 79 Kirchoffs

e currents passing through the conductors current law

respecﬁ‘»’ctly. According to Kirchoff’s first law.
=1, + La.
I + ) + () + 1, +Ig=0 or Iy + Iz I5 =1, + 13

i the
the junction 18 equal to the sum of

The 4
Sum of rin .
of the currents entering { conservation of

Cury
€ , _ ) A ; uence O
ca;nts leaving the junction. This law 18 & conseq

g€s.
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Kirchoff’s second law (voltage law) !

)

m of the productg of
al to the algebraic
e of conservatig,

O)((‘ E(il‘(:hoff’s voltage law states that the algebraic su
resistance and current in each part of any closed circuit is equ
Sum of the emf’s in that closed circuit. This law is a consequenc
of energy) 3m

on of current flg,, |

In applying Kirchoff’s laws to eleefrical networks, the direct1 |

may be assumed eithérclockwisg”or anticlockwise. If the assumed direction o '
current is not the actual diregtion, then on solving the problems, the current wj t

be found to have negative gign. If\fheﬁsult is positive, then the assumed directigy

|
is the same as actual direction. N '

It should be noted that, once the particular direction has been assumed, the 1
same should be used throughout the problem. However, in the application of
Kirchoff’s second law, we follow that the current in clockwise direction is taken as

positive and the current in anticlockwise direction is taken as negative.

Let us consider the electric circuit given
in Fig 2.11a.

Considering the closed loop ABCDEFA,

+ 1Ry = E; + Eg

1 E_, 7, E}__r’
Both cells E; and E; send currents in FL-N\NV\_i_NWV\_(_

clockwise direction.

For the closed loop ABEFA Fig 2.11a Kirchoff’s laws

IlRQ -+ ]2R3 + [21‘2 + I4R6 + Ilrl + IlRl = El = E2

Negative slgn in E, indicates that it sends current in the anticlockwise

direction.

As an illustration of application of Kirchoff’s se
current in the following nctworkﬂ qux/ o

cond law, ]et us calculate the
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/4.2.2‘ Self inductance of a long solenoid

Let us consider a solenoid of N turns with length [ and area of cross sectio |

A. It carries a.current I. If B is the magnetic field at any point inside the solenoid,

then

Magnetic flux per turn = B x area of each turn

u,NIA
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the total magnetic flux (¢) linked with the solenoid is given by

chce’ WNe
¢ of flux through each turn and the total number of turns.
(Oduc
v NIA
/Io & e N
¢ = l
‘1A
: b = uy N1 (1)
1.€ l

if L is the coefficient of self induction of the solenoid. then

5 = LI .(2)

From equations (1) and (2)

u, N’IA
LI = .

,UDN:A
L= "7

If the core is filled with a magnetic material of permeability u.

uN-~A
[

then, L =
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4.2 Tutual induction of two long S
- f
S; and S, are two long solenoids each © m
length I The solenoid S, is wound closely over S,
the solenoid S, (Fig 4.8). Fig 4.8 Mutual induction,
N, and N, are the number of turns in the petween two long solenojgy

solenoids S ' . Both the 1
1 and S, respectively f cross section A as they are

solenoids i ame area ©
are considered to have the s ) through the solenoid S,

is the current flowin

closely wound t
y nd together. I; .side the solenoid S, due to the

The magnetic field B, produced at any point 1

current I, is

B, —,uof‘; I, (1)

The magnetic flux linked with each turn of S, is equal to B,A

Total magnetic flux linked with solenoid S, having N, turns is

9 = B;AN,
Substituting for B; from equatib,n (1) N N
. ,
o = (wn)a N
_ H,N\N,AL
s - l -(2)
But ) = Ml i s (3)!

where M is the coefficient of mutual inductig
n between g
©; and S,.
From equations (2) and (3)

_ HNDAL
MI 1/,‘ - l |

M = /

130
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