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'REVIEW OF BASIC CONCEPTS
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1. Electric Current

The rate of flow of charge is called electric current. If
the rate of flow of charge does not change with time, the
current is said to be steady or constant [Fig. 12.1(a)]. For
steady current,

~
Il
~ |

where ¢ is the amount of charge flowing through any
cross-section of the conductor in time 7.

Alternating
current

Steady current Time varying current

~—

Fig. 12.1

In many situations, the current may vary with time [Fig.
12.1(b) and Fig. 12.1(c)]. In such situations, the current
is given by

Convention Regarding Direction of Current

In metallic conductors, the charge is carried by free
electrons. In electrolytes, the charge is carried by positive
and negative ions. The direction of current is taken to be the
direction in which the positive charge moves. A positive
charge moving in one direction is equivalent to negative
charge moving in the opposite direction (Fig. 12.2).
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2. Drift Speed of Electrons in a Conductor

A metallic conductor has a large number of free electrons.
When a potential difference is applied across the ends of a
conductor, an electric field is set up in the conductor which
accelerates the electrons in the direction opposite to the
direction of the electric field. Due to collisions with the
atoms of the conductor, these electrons move with a velocity
called the drift velocity (@, ) which is defined as the average
velocity of the free electrons of the conductor under the
influence of the electric field (£) and is given by
B, eEt

U3 =——
m
where 7 is the average time beween two successive
collisions and is called the relaxation time. The negative
sign indicates that the electrons drift in a direction opposite
to that of the field.

Relations Between Drift Speed and Current

The drift speed is related to current / in a conductor as

W
¢ neA

n = number of free electrons per unit volume,
e = magnitude of charge of an electron
A = cross-sectional area of conductor

where
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' For moderate electric field, the drift-speed of
electrons in a conductor is of the of order of a

Note few mms .

3. Ohm’s Law

Ohm’s Law states that the current flowing through
a conductor is directly proportional to the potential
difference across its ends, provided the physical conditions
of the conductor remain the same.

Thus,
Vel or V=RI

where R is the resistance of the given conductor.

4. Electrical Resistivity

The resistance of a wire is directly proportional to its
length (/) and inversely proportional to its area of cross-
section (A4), i.e.

/ /
ROC— R: —
a4 TPy
or =.1¥ (])

where p is a constant of proportionality and its value
depends on the material of the wire. The constant p is
called the resistivity of the material of the wire.

Unit of p: From Eq. (1) we have

unit of R X unit of 4 _ ohm X (metre)2

Unitof p=

unit of / metre

= ohm metre

Hence p is measured in ohm metre (or  m).

Note that the value of p is independent of the length and
the area of cross-section of the wire; it depends only on the
material of the wire and temperature. Thus, resistivity is a
characteristic of the material. The reciprocal of resistivity
is called conductivity.

5. Resistors in Series and Parallel

1. Resistors in series
When resistors are joined in series, the total
resistance R of the combination is equal to the sum
of the individual resistances, i.e.

R=R,+Ry+Ry+

The current is the same in all resistors. The total
potential difference across the combination is equal
to the sum of the potential differences across the
individual resistors.
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2. Resistors in parallel

When resistors are connected in parallel, the
effective resistance of the combination is given by

1 1 1 1

— = — 4+ —4— F -

R R R, R
The potential difference is the same across each
resistor. The total current is equal to the sum of the
currents in the individual resistors.

6. Emf, Terminal Voltage and Internal Resistance
of a Cell

The potential difference between the terminals of a cell
when it is on an open circuit, i.e. when no current is drawn
from it is called its emf (E).

The potential difference between the terminals of a cell
when it is in a closed circuit, i.e. when a current is drawn
from it is called its terminal voltage (V).

Every cell has a resistance of its own called its internal
resistance (). The value of » depends upon the nature of
electrodes, the nature of the electrolyte, size of electrodes
and the distance between them.

Figure 12.3 shows a cell of emf E, internal resistance r
connected to an external resistance R.

g r<—Cell
E E rod
A Y !
A VAAAAYAYAYA A
R
Fig. 12.3
Total resistance of the circuit = R + r. The current in the
circuit is
_E
(R+7r)

Potential difference across ris v = Ir

Potential difference across R is V' = IR. V is called the
terminal voltage and v is the potential drop across the
internal resistance.

Thus E=V+ov=IR+r)

Terminal voltage is V'=E —Ir

7. Grouping of Cells
(a) Cells connected in series
Consider two cells of emfs £, and E, and internal

resistances », and r, connected in series as shown in
Sinon 2001 CURRENT
ELECTRICITY
e —————

Fig. 12.4.
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E, E, Eeq
L L = —]—
g r2 leq

Fig. 12.4

The equivalent emf and equivalent internal resistance of
the combination is given by

E, =E +E,

and Tog =7 1y
For n cells in series

E=E +Ey+ - +E

n

and ’ =,.l+,.2+...

n + 7

n

(b) Cells connected in parallel
If the cells are connected as shown in Fig. 12.5, then

Eq
L
rn Eeq
. Emm— = ‘—| F——o0e
E, Feq
|}
]l
r2
Fig. 12.5
w _E B
Teq h n
1 I 1
where — T —p—
Ty noon
For n cells in parallel
Eq _E_E E,
Teq . T Ty
1 1 1 1
and — = —t— et —
Teq n n T

1. If the individual cells have the same emf E, and the
number of cells connected in series is 7, the emf of
the combination is nE and the total internal resistance
is nr, where r is the internal resistance of each cell.

2. When identical cells are connected in parallel the
total emf = E, the emf of any one of the cells. Here
the sum of the reciprocals of the individual internal
resistances is equal to the reciprocal of the total
internal resistance.

3. Cells should be connected in series if the external
resistance R is greater than internal resistance r.

4. Cells should be connceted in parallel if R < 7.

ELECTRICITY
-

| CURRENT
=[IT-NEET:PHYSICS

5. Mixed grouping of cells is employed if R is
comparable with .

The current in the circuit when n cells, each of emf
E, are connected in series is given by.
nE
R + nr

I'=

The current in the circuit when » cells, each of emf
E, are connected in parallel is given by

nE
nR+r

If the arrangement consists of » rows of cells in
parallel each having m cells in series, then

mnkE

= ——2
nR+mr

© EXAMPLE 1 In a discharge tube, the number of
hydrogen ions (protons) drifting through a cross-section
is 1.0 x 10" per second while the number of electrons

drifting in the opposite direction is 3.0 x 10'® per second. If
the supply voltage is 240 V, what is the effective resistance
of the tube.

@ SOLUTION A proton has a positive charge and an

electron has an equal negative charge. Since a positive
charge and a negative charge drifting in opposite directions
produce current in the same direction,

I= (N, + Npe
= (1.0 x 10" + 3.0 x 10'®) x (1.6 x 107'%)
=0.64 A

R=Y_-20 _3.50

I 0.64

© EXAMPLE 2 A potential difference of 0.8 V is
maintained between the ends of a metal wire of length
1.0 m. The number density of free electrons in the metal
is 8.0 x 10%® per m? and the electrical conductivity of the
metal is 6.4 x 10’ Q' m™". Find the drift speed of electrons.

© SOLUTION Conductivity is 6= LI
p RA
R = Bz and / = il . Therefore,
cA R
/ VoA
L
But / = enAv,. Therefore,
VoA

endvy; = ——
CURRENT
ELECTRICITY
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Vo
= Uy = —
Lne

_ 0.8%(6.4x107)
1.0x (8.0x10%*) x (1.6 x107"?)

-1

=4x 10> ms™' =4 mms

@ EXAMPLE 3 The current / (in ampere) flowing in a
wire varies with time /7 (in second) according to the equation
[ = 5¢ + 3¢ Find the amount of charge which passes
through a cross-section of the wire in the time interval
t=2stot=4s.
© SOLUTION /= % = dq=Idt=(5t+3)dt
Therefore, the amount of charge passing from 7 = 2 s to
t=4sis
4
qg= _[(51+3t2)a’t

)
h+3hh

5
=§x(42—22)+(43—23)

2

= % X (16 — 4) + (64 — 8)

= 86 coulomb
© EXAMPLE4 A wire of resistance 5 Q is drawn out
so that its length is increased to twice its original length.
Find the new resistance of the wire.

© SOLUTION If a wire is stretched, its length L
increases and its diameter and hence the cross-sectional
area A decreases, but the volume of the wire remains the
same. Hence AL = constant. Thus

AL A
Given L, = 2L,. Therefore 4, = 1 =-1
) - L 2
L
Original resistance R, = %
1
New resistance R, = p_Lz
2=

Resistivity p depends only on the material of the wire
and hence it remains the same.

L PO NG
RoL A
= R, =4R,=4x5=20Q

If a wire of resistance R is stretched to n times
its original length, the resistance of the stretched
Note Wire= n’R.

© EXAMPLES5 A wire has aresistance of 9 Q. Itis cut
into three equal pieces. Each piece is stretched uniformly
to three times its original length. The three streched pieces
are connected in parallel. Find the total resistance of the
combination.

© SOLUTION Resistance each piece is R = g =3 Q.
The new resistance of each stretched piece = R = (3)2 X 3
= 27 Q. The total resistance of the parallel combination
is given by

1 11

e
27 2T 2F 19

e
R,
= R,=9Q

© EXAMPLE 6 A wire is stretched to make it 0.1%
longer. What is the percentage change in the resistance?

© SOLUTION AL =constant = AL, =A4,L,

' 0.1
GivenL,=L,+ —XxL, =L, (1+0.001)
- 100

A7 :Al X ﬁ:#
- L, (1+0.001)
Now R, = PA# and R, = p—LZ Therefore
1 2
R L 4

=(1+0.001)x (1 +0.001)

= (1+0.001)*=1+0.002 = 1.002
= R, =1.002 R,
Change in resistance AR = R, — R, = 0.002 R,

Percentage increase in resistance = — X 100 =
0.002 x 100=0.2 % '

Simple Method

If % << 1, the following simpler method may be used.

g =Bl
A

- I) — CURRENT
| um-Jee | NEET | CosE | ELECTR'C'TY

STU DY CIRCLE -
ACCENTS EDUCATIONAL PROMOTERS = [IT-HEET:PHYSIES

11117111131177131971919993919994919



21711711717171117111711131133111333%3%1%}

Since 2001...

A IE ID
STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS

= log R =logp+logL—logA4
Differentiating (" p = constant)
AR AL A 0
R L A
Also AL = constant
R S
Using (2) in (1), we get
% = 2%“ =2x%0.1%=0.2%

© EXAMPLE7 The resistance network shown in Fig.
12.6 is connected to a battery of emf 30 V and internal
resistance 1 . Find the current through the 6 Q resistance
and the terminal voltage of the battery.

R,=12Q

- MW ==

Ri=2Q | R3=6Q |

A-P—‘W\MIWV‘—:—’V\M/;i—«B
I Ry=4Q |

-
]
|
'
|
|

r=I 1Q

E=I30V
Fig. 12.6
© SOLUTION The equivalent resistance of the
parallel combination of R,, Ry and R, is R’, which is
given by
1 1 1 1
+
R 12 6 4
The circuit can be redrawn as shown in Fig. 12.7.

= R'=2Q

Ri=2Q =20
A'A'A'A'A'A'A AV‘V‘V"""‘
IA
r=1Q
E=30V
Fig. 12.7
Current in the circuit is
E 30

= = =6A
R+R +r 2+2+1

Potential difference across R, is V; = IR, = 6 X 2

=12V

Potential difference across R"is V'=IR"=6x2 =12V,

which is same across R,, R; and R, since these resistances
are in parallel. Hence the current through Ry = 6 Q is

CURRENT

ll ELECTRICITY
-
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V12
37 R_3= 6
The potential drop in the internal resistance is
v=Ir=6Xx1=6V
Terminal voltage of the battery is
V=E-v=30-6=24V

© EXAMPLE 8 Calculate the steady state current in
the 3 Q resistor in the circuit shown in Fig. 12.8. The
internal resistance of the cell is negligible. Also, find the
charge on the capacitor.

=2A

6V
Fig. 12.8

© SOLUTION The resistance of the parallel combi-
nation of 2 Q and 3 Q is
R = 2%:3
2+3
In the steady state, no current flows through the capacitor
and hence through the 5 Q resistor. Therefore, the circuit
reduces to that shown in Fig. 12.9.

=12Q

R'=12Q
IA
28Q
W
6V
Fig. 12.9
6
Current /= —— =1.5A
(1.2+2.8)

Potential difference across R’ is
V'=IR"=15%x12=18V
This is also the p.d. across the 3 Q resistor. Hence the

current through the 3 Q resistor is % =0.6 A.

Potential difference across R” = 1.8 V. This is also the
potential difference between the capacitor plates because
in the steady state, no current flows through the 5 Q resistor.
Hence charge on the capacitor is

MAINS & ADV
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O0=CV=05uFx18V and E=02525+r) 2)

=0.9uC Equating (1) and (2),
© EXAMPLE 9 A battery gives a current of 0.5 A
when connected across an external resistor of resistance 0.5(12+7r)=02525+r) = r=1Q
12 Q and a current of 0.25 A when connected across an
external resistor of resistance 25 Q. Find the emf and | Using » =1 Q in either (1) or (2) gives E=6.5V
internal resistance of the battery. @ EXAMPLE 10 Determine the current drawn from

7~ _ a 12 V supply of internal resistance 0.5 Q by an infinite
SOLUTION E=IR+R
@ ( ) network shown in Fig. 12.10. Each resistor has a resistance

E=05(12+7) M | or1 0.
Fig. 12.10
@ SOLUTION Let R be the total resistance of the e
network. Since the circuit is infinitely long, its total
resistance remains unaffected if one mesh is removed from Ae— —— B
it, i.e. the resistance of the network to the left of PQ will
also be R [see Fig. 12.11] MW
Fig. 12.12
l © SOLUTION The given circuit can be redrawn as
i i A shown in Fig. 12.13.
RZ 21Q E=12V,r=05Q 30
B “"AV"‘VA 3 gz
AAAAN I 3 Q 3 Q A‘A'A"'AVA
Q@ 10 A B = A~—{MWW——B
Fig. 12.11 30
A‘A'A'l'l'A 3 Sz
R
B B Fig. 12.13
The equivalent resistance between 4 and B is It is clear that 1 11 1
— =—4+-+= = R;p=1Q
R,z 3 3 3

Ryp=2+ L. which must be equal to R, i.e.

il @ EXAMPLE 12 Find the equivalent resistance

R between points 4 and B in the network shown in

2+ e =R Fig. 12.14, when
+
) (a) switch S'is open (b) switch S is closed.
= R°-2R-2=0
8 Q 12Q
The positive root of this quadratic equation is R =2.73 Q MW | MW
*. Current / = 5 o L =3.7A Ae S —B
R+r (2.7340.5) 120 80
MW AMWA

@ EXAMPLE 11 Find the equivalent resistance
between points 4 and B in the network shown in Hig: 1214

Fig. 12.12. Each resistor has a resistance of 3 Q.
- |) Stoga 2001, CURRENT
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© SOLUTION

(a) When switch S is open, the circuit is as shown in Fig.

12.15;
8Q 12Q
AW AW
Ae— —eB
12 Q 8Q
Fig. 12.15
_20%20
4B (20 + 20)

(b) When switch S is closed, the circuit can be
redrawn as shown in Fig. 12.16

8Q 12Q
480 48Q
A e— . B = A
12Q Q
Fig. 12.16

It is clear that

Ry =48+48=9.6Q

(© EXAMPLE 13 Find the value of current / in the
network shown in Fig. 12.17.

6 VI

3Q
Fig. 12.17

@ SOLUTION The circuit can be redrawn as shown
in Fig. 12.18. The resistance between 4 and B is
2x%6

Ri=—="4+15=3Q
(2 +6)

Resistance between C and D is

3x3

3+3)

L-L —4a

Current / = —
R 1.5

2133991113111111111719999711111131}"
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"""" B

6V
Fig. 12.18

8. Kirchhoff's Laws

First Law or Junction Rule

The algebraic sum of the currents at a junction in a circuit
is zero. The currents entering the junction are taken as
positive and those leaving the junction are taken as
negative. Figure 12.19 shows a part of a circuit having a
junction 4.

Junction

Fig. 12.19

= L+L=L+1+]I
i.e. sum of currents entering a junction = sum of currents
leaving that junction.

Second Law or Loop Rule

In any closed circuit (or loop), the algebriac sum of the
potential differernces across the sources of current and
across the resistances in the circuit (or loop) is zero. The
sources of current are the emfs of the cells and potential
differences across the resistance are the voltage drops (/R).

Sign Convention for emfs and Voltage drops

Consider the circuit shown in Fig. 12.20. The circuit has
three closed loops abefa, bedeb and acdfa. To use the loop
rule, follow the following steps.

a 11 — I1 b 12 -+ 12 o
E, Aly E,

AAAAN
VWY
AAAAAAAA
VVWWWW
w
AAAAM
LAl
N

,,
~
o >
N
Q

Fig. 12.20
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1. Draw a arrow on the top of each cell pointing from
the positive to the negative terminal.

2. Choose a closed loop and move in a clockwise
direction in that loop.

3. While crossing a cell, if you are moving in the
direction of the arrow drawn on the cell, the emf of
the cell is taken as positive but if you are moving
opposite to the direction of the arrow, the emf is
taken as negative. Do not worry about the direction
of the current in the branch of the circuit containing
that cell.

4. While crossing a resistor, if you are moving in
the direction of the current through that resistor,
the potential drop (/R) across the resistor is taken
as positive but if you are moving opposite to the
direction of the current, the potential drop across the
resistor is taken as negative.

In the circuit shown in Fig. 12.20, there are two junctions

at b and e. Applying the junction rule at either b or e we

have
L+L =1 (1)
Applying the loop rule to loops abefa and bcdeb we
have
E,—-LR,-1,R, =0 )
and —Ey+ LRy + LRy =0 3)

If the values of E,|, E,, R, R, and R; are known, the
values of /,, /; and /5 can be obtained by the simultaneous
solutions of Egs. (1), (2) and (3).

v

Note

1. Select as many loops as the number
of unknowns. In the circuit shown in
Fig. 12.20. There are two unknowns /, and /,.
The third unknown /5 is determined by using
the junction rule [Eq. (1)]. So we select two
out of the three loops.

2. If the directions of currents are not given, choose any
direction (clockwise or anticlockwise) in a loop and
calculate the values of currents. If any current turns
out to be negative, it indicates that our choice of the
direction of that current is incorrect. So reverse the
direction of that current. The magnitude of the current
remains the same.

ELECTRICITY
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© EXAMPLE 14 Figure 12.21 shows currents in a
part of an electrical circuit. Find the value of current /.

Fig. 12.21

@ SOLUTION Applying the junction rule at P, the
current in branch PO =2 +2=4A.

Using the junction rule at Q, the current in branch OR
=4A-1A=3A.
Using the junction rule at R, we get

I+13A=3A = I=17A
@ EXAMPLE 15 In the circuit shown in Fig. 12.22,
calculate

(a) the values of currents /;, 7, and /5
(b) the potential difference between points B and £

GivenE; =12V,E,=6 V,R=5Q,R,=3 Qand R,
=2Q
A _, B _ C
(I3
R ) R,
SRy
I 9 I
l 1’51 E Tzl
F E D
Fig. 12.22
© soLUTION
(a) Applying junction rule at B,
L+L=1 (1)
Applying loop rule to loop ABEFA
LRy—E + 1R, =0
= 21,-12+51,=0 (2)
Applying loop rule to loop BCDEB
—LRy, + E,— Ry =0
= -3L+6-2I;=0 (3)
AEP W i CURRENT
Asruov CIRCLE | T NEETELEC RICITY,
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Using (1) in (2) and (3), we get
2(,+L)—-12+51,=0

= 71, +2,=12 4)
and -3,+6-2(1,+1,)=0
= 21, + 5L, = (®)]
. 48 18
Solving (5) and (6) we get /, = _l A, L= ﬁA and
L=L+L= @A
31

(b) To find potential difference between B and E, we
start from B and go to E.

66

Vo=V =LRy= == x2=426V

© EXAMPLE 16 Two cells of emfs £, = 1.5 V and
E,=2.0V and internal resistances 7, = 1.0 Q and r, = 1.5 Q
respectively are connected to an external resistor R = 2.5 Q
as shown in Fig. 12.23. Find the potential difference

(a) between points 4 and B

(b) between points B and C

(¢) across R.

E, E,
A i 3 [t &
ry r2
E AN D
R
Fig. 12.23

© SOLUTION We choose any direction for the
current / in the circuit. If the value of 7/ turns out to be
negative, then our choice is incorrect, the direction of the
current has to be reversed. Let us choose the direction of /
as shown in Fig. 12.24.

tl SRl Byl
A ——f e i C
beBrcd BB
A \
E. e %vvv ) [)
1
Fig. 12.24

ELECTRICITY
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Applying loop rule to loop ABCDEA,

—E +Iry,+E,+Ir,+IR=0
= —-15+Ix1.0+2.0+7I%x15+2.5/=0
= =—0.1A

Since / is negative, our choice for the direction of 7 is
incorrect. So the direction of 7 will have to be reversed as
shown in Fig. 12.25 where now / =+ 0.1 A.

< r B > ry

A—i}-w—ro—hww—T—c

E, E,

Y 4\

m
O

Fig. 12.25

(@) Vy—Vg=—E,—Iry,=—15-0.1x1.0=-1.6 V.The
negative sign indicates that 4 is at a lower potential
than B.

(b) Vg—Ve=E,—Iry;=2.0-0.1 x1.5=1.85V. Point B
isata hlgher potential that point C.

(¢) Vg=IR=0.1%2.5=025V.

(© EXAMPLE 17 Find the value of current / in the
circuit shown in Fig. 12.26.

/

B AAAAAN C
yyvy
Q
Y
9V
240 %
9 2Q
A S — — D
Fig. 12.26

© SOLUTION V,—Vv,=—4I-31+9-2I
==9I'+9

But V, =V}, because points 4 and D are earthed.

=-9I+9=0 = I=1A

@ EXAMPLE 18. Inthe circuit shown in fig 12.27(a),
the potential difference between points B and H is:

(a) 2V (b) 3V
(c) 4V (d) 5V
\ _ I: p— " CURRENT
ELECTRICITY
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A 3Q B E F Condition for balanced Wheatstone’s Bridge
40 The currents in the branches of the bridge are shown in the
gvL SQ§ §2Q §3Q flvgeurrl:vz:pplymg the loop rule to loops ABDA and BCDB,
av ) LP+1,G—~LR=0 (i)
o € H 18V o and (L —1)0 - (L +I)S-1,G=0 (i1)

Fig. 12.27 (a)

SOLUTION Let /; and /, be the currents in the loops
ABCD and EFGH respectively. No current flows in the

where G is the galvanometer resistance. For a balanced
bridge, /, = 0. Putting 7, = 0 in (i) and (ii) we get

b h CE of the circuit fig. 12.27(b)]. I
ranc of the circuit [see fig (b)] IP-LR=0 = 1_|=§ (iii)
A 3Q B E F ?
1' S .
& 40 7 Yh and LO-LS=0 = —=— (iv)
: L, 0O
8V Q $2Q 36 From (iii) and (iv) we get
bl /av P R P Q
D E H .. bhG o s U R s
Fig. 12.27 (b) This is the condition for a balanced bridge.

Figure 12.29 shows a simple form of a Wheatstone’s

Applying loop rule to loop ABCDA,
Bridge, called the metre bridge.

3, +5,-8=0 = I;=1A
Applying loop rule to loop EFGHE,

3L+10-2L,=0 = L=2A I—\/v\,é\/\,—l BI—\/\/E?/W—|

! ] [& ¢ ] [ 3
Vg—Vp=51;-4+2,=5%x1-4+2x2=5V
So the correct choice is (d). ”
9. Wheatstone’s Bridge A D ¢
The network of four resistances P, O, R and S shown I a
in Fig. 12.28 is called Wheatstone’s Bridge. A battery Fig. 12.29
is connected between 4 and C and a galvanometer is ) )
connected between B and D. If the values of P, O, R and The resistance of the wire of length AD = [, serves

S are such that no current flows through the ga]vanome[er, as the resistor R and the resistance of the wire of length
the bridge is said to be balanced. Then points B and D are | DC = [, serves as the resistor S. If the wire AC is uniform,
at the same potential. the resistances of the parts 4D and DC of the wire will be
proportional to their lengths /, and /,. For a balanced metre
bridge, we have

P
0 S b

© EXAMPLE 19 Find the equivalent resistance
between points 4 and B in the circuits shown in
Figs 12.30(a), 12.30(b) and 12.30(c). All resistors have the
same resistance R.

Fig. 12.28 ' |D Sinee 2001 CURRENT
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AAA,

Fig. 12.30

© SOLUTION Circuits shown in Figs 12.30(b) and
(c) can be redrawn as the circuit shown in Fig. 12.30(a),
which is a balanced Wheatstone’s Bridge. Hence no
current flows through the resistor between C and D
because C and D are at the same potential. Hence this
resistor is ineffective and circuits (a), (b) and (c) simplify
as shown in Fig. 12.30(d). Hence the equivalent resistance
between A and B is the resistance of the parallel combina-
tion of resistances 2R and 2R.

_ 2RX2R _
4B 2R +2R)

Fig. 12.30(d)
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@ EXAMPLE 20 Find the equivalent resistance
between points 4 and B in the circuit shown in Fig. 12.31.

2 1Q
A'A'AVA'A "A'l'A'A
210
10 20
A A'A'A'A'A A'A'A'A'A B
Fig. 12.31

@ SOLUTION The network of resistances shown
in Fig. 12.31 is not a balanced Wheatstone’s bridge. In
such a case, to find the resistance between 4 and B, we
connect a battery of voltage V across 4 and B and find the
current / drawn from the battery in terms of V" and find
the equivalent resistance from the relation V' = IR. Refer
to Fig. 12.32.

(11—12)

c 28 om0 4@ L
I L
ok 10
j & (1= 14+1p)
A ) AMW—> A\ - B
1Q F 20
] r/
H - 1L G
i |
Vv
Fig. 12.32

The currents in various branches are shown in Fig. 12.32.
Applying loops rule to loops AFBGHA, ACDFA and
DEBFD we have

V1~ 8)— 20— L+ Ly=0 (i)

o + I, —(I—1) =0 (ii)

and GL-L)+2(-L+L)-L,=0 (1ii)
Simplifying these equations we get
3/-3,+2L, =V (iv)
I-3,-1,=0 (v)
and 2I1-31,+45,=0 (vi)
Eliminating /, from (v) and (vi), we have /, = — g .

. . . 2
Using this value of /; in (v) we get [, = g[ .

Using these values of /; and /, in (iv) we get
7

vV
W=87 = z=z=l4 = Rp=140
|l = J— | CURRENT
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@ EXAMPLE 21 Figure 12.33 shows a metre bridge
consisting of two resistances R, and R, connected to a
wire AC of length 100 cm. The null point is found to be at
a distance /; =40 cm from end 4. When a 12 Q resistance

is connected in parallel with R,, the null point shifts to D,
such that /, = 60 cm. Find R, and R,.

vZZZ1 LLLL 7

WY

© SoLUTION
R _ 40 40 2
R, 100-] 100-40 60 3

(1

When a resistance of 12 € is connected in parallel with R,,
the resistance of the combination is

R, = 12R,
© 12+R,
R _ 60 3
R; 100-60 2
R x(12+R,) 3
= —— T e—
12R, 2
= _X(IZ+R2) _3 @)
R, 12R, 2
Using (1) in (2),
2,848 3 o poisn
3 12R, 2 -
and R,=ZR7=E><15=IOQ
3= 3

10. The Potentiometer

Figure 12.34 shows a potentiometer where AB is a wire
of uniform cross-section, V is the driver battery and E'is a
cell. The emf of the battery is greater than that of the cell.
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Fig. 12.34

The principle of a potentiometer is based on the fact
that the potential difference across any length of the wire is
proportional to that length of the wire. If R is the resistance
of the potentiometer wire AB and L is its length, then
R = pL/A where p is the resistivity of the material of the
wire and 4 its cross-sectional area. From Ohm’s law,
V=IRor V=IpL/A= KL where K = Ip/A, which is constant
for a given wire. Hence

VL

or ¥ - K = potential gradient or fall of potential per
unltl'length of the potentiometer wire. Hence potential
difference v across any portion / of the wire is v = KI.
The galvanometer will show no deflection if v = emf
E of the cell £ or E = v = KI. The length / is called the
balancing length of the potentiometer wire. At balance
point, potential difference across / due to the driver cell
V'=emf of cell E

Applications of Potentiometer

1. Comparison of emfs of two cells

If/; and /, are the balancing lengths will cells of emfs
E, and E,, then

El :Kll and E:ZKIZ

L

2. Determination of internal resistance of a cell

If /, is the balancing length will cell of emf £ when
switch S is open [Fig. 12.35], then

E =Ki,
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Fm—m =

°Q

Fig. 12.35

A known resistance R is connected across the cell
E, switch S is closed and the new balancing length /, is
found, then (since a current is now drawn from cell E), the
terminal voltage V of E is equal to K/, i.e.

P=KL
g _Eh &

Now E =V + v = IR + Ir where [ is the current drawn
from E and r is its internal resistance. Thus

V+ov | v
ﬁ —_—
V [ Vol

- o _h_4
vl

g L
R I

Knowing the values of R, /; and R,, the value of r is
determined.

@ EXAMPLE 22 A uniform wire of length 400 cm
and resistance 2 € is used in a potentiometer. The wire
is connected in series with a battery of emf 5 V and an
external resistance of 3 Q. With a cell of unknown emf E,
the balancing length is found to be 250 cm. Find (a) the
potential gradient along the potentiometer wire and (b) the
value of E.

© SOLUTION Refer to Fig. 12.36. 4B = L = 400 cm
=4m,r=2Q,R=3Qand V=5V,and AC=1=250 cm
=2.5m.
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{ MWW
c
A 1 B
j—®
E G
Fig. 12.36

(a) Current in AB due to driver cell is
(R+r) (3+2)

Potential drop across AB =1Xr

=1x2=2V
; ; : 2V
Potential gradient along 4B is K = Im

=0.5Vm™

(b) E=KI=05%25=125V
@ EXAMPLE 23 In the potentiometer circuit shown
in Fig. 12.37, find the value of / when the galvanometer
shows no deflection. The length of wire 4B is 100 cm and
its resistance is 3 Q.

=| 120
L MW
- ! >|
A ‘ B
E,=20V
15Q
—lww—{ F @
G
AW
05Q
Fig. 12.37

@ SOLUTION Current flowing in AB due to driver cell
ofemf3.0 Vis

_ 30
L a2+9)
Potential difference across AB due to E| is
=02%x3=0.6V
Potential difference across / due to £, is (/ is in cm)
v, = ?ni x1 (M)
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Current through 0.5 Q resistance due to £, is
2.0
27 15+05)
Potential difference across 0.5 Q resistance
=0.5x1.0=05V.

At balance length /, the potential difference across / due
to E, is

=1.0A

V=05V )

At balance point ¥, = V. Equating (1) and (2), we have

i xl=05 =
100

[=83.3cm

© EXAMPLE 24 The length of a potentiometer wire
is 600 cm and it carries a current of 40 mA. For a cell of
emf 2V and internal resistance 10 €, the balancing length
is found to be 500 cm. If a voltmeter is connected across the
cell, the balancing length is decreased by 10 cm. Find (a)
the resistance of the potentiometer wire, (b) the resistance
of voltmeter and (c) the reading of the voltmeter.

@ SOLUTION Refer to Fig. 12.38. 4B = 600 cm,
I=40mA =0.04 A, AC=500 cm and AC’ =490 cm. Let
r be the resistance of AB.

Vv
Iy
] r
cC C
A — B
E=2V i
10Q G
voltmeter
Fig. 12.38
(a) Resistance per cm of AB = % Q cm™'. Therefore,
. . 7 S5r
the resistance of AC is R ;o= —— X 500 = —
' 600 6

Potential difference across AC due to driver cell
is
Sr
Vic =IR,-=0.04 x - volt (1)
When the voltmeter is not connected, the potential
difference across AC due to cell of emf E is 2 V
(because no current is drawn from it at the balance
point). Hence

Vac =2

0.04 x 5r

ﬁ —
6

(b) Let R be the resistance of voltmeter. When it is
connected across £, the current drawn from the cell
ofemf2 Vis

=2 = r=60Q

2
R+10

[ g

Potential difference across the voltmeter is

2R
R+10

Vy =IR=

Vi, must be equal to the potential difference across
AC’ due to the driver cell.

Vg = resistance of AC” x current /

o SOXAN) ook i BE
600
2R w00
= (R+10) =196 = R=490

(c) Voltmeter reading is

yoo 2R 2x40 _ o0,
(R+10) (490 +10)

11. Finding Equivalent Resistance by Using
Symmetry in Networks

Let us consider a balanced Wheatstone’s bridge
again as shown in Fig. 12.39(a).

Fig. 12.39

Notice that the network is symmetric about the line
XY. By symmetry, we mean that the circuit to the
right of XY is just the mirror image of the circuit to
the left of XY. In such networks, the potentials and
currents must also by symmetrical. Therefore, the
current in branch ab is equal to the current in branch
bc. Also the current in ad is equal to the current in

I= 12 oo §), CORRENT
hnctml:l:nch £ ELECTRICITY
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dc. Furthermore, the potential at b is equal to the Fig. 12.42 shows the corresponding network of
potential at d. Hence no current flows in the resistor capacitors.

between b and d (i.e., the resistor which lies in the X

line of symmetry). This is called the symmetry 'b

condition. Since no current flows through resistor R

between b and d, this resistor is ineffective and can
be removed. So the circuit simplifies to that shown B = A |—|
in Fig. 12.39(b). The equivalent resistance between

points 4 and B is
—_—— e = A =
R, 2R 2R ¥ (a) (b)
The same symmetry condition applies also to a Fig. 12.42

network of capacitors as shown in Fig. 12.40.
In this case, the equivalent capacitance between 4

and B is

= Cop= —
2

C 3C
2
B @ EXAMPLE 25. Each resistance of the network

shown in Fig. 12.43 is equal to R. The equivalent resistance
C/\/\ ¢ C/\/C

between points 4 and B is

(a) R b —
Fig. 12.40 4R 6R
(c) = (d) —
The equivalent capacitance between points 4 and B
is
C,=—+—=C
w22

Now let us consider a more complicated network as
shown in Fig. 12.41(a).

ib

Fig. 12.43

SOLUTION The line of symmetry is XY as shown in
Fig. 12.44 (a).

X
bR ¢

Fig. 12.41 Ae

In this case, resistances between b and e and between
e and d are ineffective (because these resistances lie
along the line XY of symmetry) and the network
simplifies to that shown in Fig. 12.41(b). The
equivalent resistance between 4 and B is

1 1 1 1 2R

e P e o CL,q=—
Cq 2R 2R 2R 3 \ - l) Singn 2001.. CURRENT

ELECTRICITY
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f R €
(b)
Fig. 12.44

The current i; through ab must be equal to the current
through its mirror image cd. The current i; through af must
be equal to its mirror image ed. Current i, entering O must
be equal to the current leaving O. The is no mixing of cur-
rents from the circuit above 4B with the circuit below A4B.
Hence, the network can be simplified to that shown in Fig.
12.44 (b). It is now easy to find the equivalent resistance
between 4 and B, which turns out to be 4R/5. So the cor-
rect choice is (¢).

© EXAMPLE 26. Each capacitor in the network
shown in Fig. 12.45 has capacitance C. The equivalent
capacitance between points 4 and B is

4c 5C
(a) 5 (b) i
7C . 4
(c) 5 (d) 3
A B
0
Fig. 12.45

SOLUTION Using symmetry about the perpendicular
line passing through O, the above network can be simpli-
fied as shown in Fig. 12.46.
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It is now easy to prove that the equivalent capacitance

between points 4 and B is % .

11. Ammeter

Ammeter is used for measuring current in a circuit. It is
a galvanometer having a very small resistance (called
shunt) connected in parallel with it. The ammeter is always
connected in series in the circuit the current through which
is to be measured.

24 " <— Ammeter
1/ ls N vl
—T1 ) Vo
I e ;
\ S /l
Fig. 12.47

The range of an ammeter is the maximum current it
can measure. The value of the shunt resistance determines
the range of an ammeter. Figure 12.47 shows a part of a
circuit, where

I = current to be measured,

G

I, = current through the galvanometer for full scale
deflection, and

S = shunt resistance
It is clear that (since p.d. across G = p.d. across S)
LG =18 Alol=L+[

LG =~ 1S

L,
= 8= £ G
[U—@J

© EXAMPLE 27 A galvanometer of resistance 20
gives full scale deflection when a current of 1 mA is passed
through it
(a) How will you convert it into a ammeter that can read
currents upto 1.0 A?

galvanometer resistance,

(b) What is the resistance of the ammeter? When it is
connected in a circuit, does it read slightly less or
more than the actual current in the original circuit?

© SOLUTION
(a) Given/=1.0A, I,=1mA=00.1 Aand G=20Q.

I
= £ G=( a.00d )xZO:0.0ZQ
I-1, 1.0 — 0.001

The required shunt resistance is 0.02 Q.
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