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Preface
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1 3 Current Electricity

Formulae

Section 1: Kirchhoff’s Laws

1. Resistance of a wire:
r=Pl
A

where, A = area of cross-section
p = resistivity
2. Kirchhoff’s laws:

i. 2. 1=0 (current law)
ii. X RI=2 E=0 (voltage law)

3. Voltage across an external resistance:
ER
V=
R+r

where, E = e.m.f. of the cell
r = internal resistance of the cell

Section 2: Wheatstone’s Brid&ﬂ

1.  In balance position of Wheatstone’s bridge:
Rl — R3
R, R,
where, R, R,, R; and Ry are resistances in the
four branches of Wheatstone’s bridge.

Section 3: Metre Bridge I
2.  Metre bridge:

Unknown resistance X =R . f—l
2
Section 4: Potentiometer
1. Potentiometer:
1. Current through driver cell,
[=_FE
R+r+Rg
ii.  Resistance per unit length,
R
G [—J—
V4

iii.  Potential gradient,

K= % =Io volt/ metre

Comparison between the e.m.f.s of two
cells:

E_4
E2 62
E +E, {4+,
E -E, <10 -1,

[Sum.and difference method]

1. = [Individual method]

ii.

Internal resistance of a cell:

r =R bty =R(E—q
‘, %

Shortcuts

L.

Whenever there is more than one loop in the
given question, apply Kirchoff’s second law.

Remember, the potentiometer deals with
potential difference & not with emf. Actual

formula is: &zﬁ
VZ €2
L E, ¢ .
We write it as: —=/— because in the
2 “2

experiments of potentiometer, cells are used in
open circuit. Therefore V = E.

If in the question it is given that length

increases by %th, then in the formula

A = 4 , replace V, by
V2 €2

V] + lVl = ng
5 5

Whenever a question on internal resistance is
asked, apply the formula,

. greater length —smaller length

smaller length

r:(fz —-1) R

4

where, R = the external resistance.
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Chapter 13: Current Electricity

Solved Examples

Section 1: Kirchhoff’s Laws

Example 1.1

In an electric circuit, the currents 2 A, 1.5 A and
3 A flow towards the junction while a current of
magnitude 2.5 A and an unknown current leave
the junction as shown in figure. Find the
magnitude of unknown current.

Solution:
Given: L=2A,L=15A,1;=3A,
14 =— 25
A (Opposite direction)
To find: Unknown current (x)
Formula: > 1=0
Calculation: Let the unknown current be x.

From formula (Kirchoff’s 1% law),
Il+Iz+I3+I4+(—X):O
Negative sign indicates that  current
leaves the junction
2+15+3+(=25)-x=0
4-x=0
S x=4A
Ans: The magnitude of unknown current is 4 A.

*Example 1.2
A voltmeter has a resistance of 100 Q. What will
be its reading when it is connected across a cell of

e.m.f. 2 V and internal resistance 20 Q? [July 16]
Solution:

Given: R=100Q,r=20Q,E=2V

To find.: Reading of voltmeter (V)

Formula: V=E-Ir

Calculation: Current through the circuit is given by

)

Y

| |
| |
| |
| |
| |
I Ty » |
| |
| |
| |
| |
| |

E 2 2

I= = ==
R+r 100+20 120
I= L A
60

From formula,
V =2- i><2Oj= 2-0.3333
60

V =1.667V
Ans: The reading on the voltmeter is 1.667 V.

Example 1.3
Determine the currents I, I, and I3 from the
network shown in figure.

Solution:
30Q

EIZSOV

Applying of Kirchhoff’s first law at junction ‘A’ we
get,

13211+Iz (1)
Applying Kirchhoff’s second law to loop ABCDHA
we get,

-30L;+(40+1)13=-45

-30L+41 15=-45 ...(2)

-30I,-41 (I, +I,))=-45 [From (1)]

-711,-411,=-45

711, +411,=45 ...(3)
Again, for loop AGFEDHA

-30L+(20+1)1,=80

-30I;+211,=80 ...(4)

On solving equations (3) and (4), we get

[,=-0.86 A
L=259 A

13 :Il +IZZ 1.73 A.
L=173A

Ans: The current I;, I, and I; are —0.86 A, 2.59 A

and 1.73 A respectively.

Example 1.4

AB, BC, CD and DA are resistors of 1 Q,1Q,2 Q
and 2 Q respectively connected in series. Between
A and C is a 1 volt cell of resistance 2 ), A being
positive. Between B and D is a 2 V cell of 1 Q
resistance, B being positive. Find the current in
each branch of the circuit.
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Solution:

2Q
Applying Kirchhoff’s second law to loop BADB,
BCDB and ADCEFA, respectively we get,
1.12 + 213 + 111 =2

L +1+2l=2 (D)
1(11 - Iz) - 2(13 - Il) + 111 =2
411 —12—213 =2 (2)
2+ 21— 1) +2( - 1) = 1
~21, -2+ 6l =1 .(3)

Solvmg equations (1), (2) and (3) we get,

=08A,L=02Aand;=05A
Currents in different branches are
IAB:IZZOZA IBC:II—12:06A
03A,Ixp=13=0.5A,
Ikr=5-1L=03A

ICD_II _I3

Ans: The currents in branches AB, BC, CD, AD
and EF are 0.2 A, 0.6 A, 0.3 A, 0.5 A and
0.3 A respectively.

Example 1.5

A current of 1 A flows through an external
resistance of 5 Q when it is connected to the
terminals of a cell. The current is reduced to
0.6 A. When the external resistance is 10 Q.
Calculate internal resistance of the cell by using
Kirchhoff’s law.

Solution:

Given: Ri=5Q, 1=1TA, R,=10Q,
L=0.6A

To find: Internal resistance (1)

Formula: T Ry+ILir—E=0

Calculation: From formula,
Ix5+1xr—E=0
5+r—-E=0
12R2+12r_E:O
06x10+06xr—E =0
6+06xr—E=0 ..(2)

Subtracting equation (2) from (1)
we get,
-1+04r=0
r=25Q
The internal resistance of the cell is 2.5 Q.

(D)

Ans:

Example 1.6

Two cells of em.f. 2 V and 1.5 V with internal
resistance 1 ohm each are connected in parallel
with similar poles joined together. The
combination is connected to an external resistance
of 10 ohm. Find the current through the external

resistance. [Mar 93]
10 2V
A——WW——=—B
r1 E, A
15V
G —4—-’VW\N\4-—| = C
=14L- R sl
F——\WW—+D
10 Q
Solution:
Let I; = current through E,
and I, = current through E,
By Kirchoff’s first law,
I:L"‘Ig (1)
Applying Kirchoff’s voltage law to the loop
AFDBA we get,
2:I><11+10A(11+Iz)
:II+ 1011+ 1012
2=11L+101, ....(2)
Applying Kirchoff’s voltage law to the loop
GFDCG we get,
1.5=1 ><12+ IOX(II+12)
:Iz+ 1011+ 1012

1.5=101;+111, ...(3)

Multiplying eq. (2) by 11 and eq. (3) by 10 we
get,
22=1211;+1101, .4
and 15=1001, + 110 I, ..(5
Now, subtracting eq. (5) from eq. (4) we get,

21 Il :701'11 = l:lA
21 3
=0333 A
Substituting I; = 0.333 in eq. (2) we get,

2=11x0333+101,
101, +3.663 =2
101, =2-3.663
101,=-1.663
-1.663
10
L=-0.166 A
I, +1,=0.333 -0.166
=0.167 A

Current through the external resistance is
0.167 A.

12:

Ans:
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Chapter 13: Current Electricity

Example 1.7

A battery of e.m.f. 4 V and internal resistance 1 Q
is connected in parallel with another battery of
emf 1 V and internal resistance 1 Q (with their
like poles connected together). The combination
is used to send current through an external
resistance of R = 2 Q. Calculate current through
the external resistance. Mention the direction of
current.

Solution:
Given: Ei=4V,11=1Q,E,=1V,
n=10Q,R=20Q
To find: Current (I) and direction of I
Formulae: 1. 21 =0 at any junction
ii. XIR=ZE
Calculation:
L B rk,\,:\,\}wg
Al Iy AD
B I rn=1Q c
\
E —I—fvwvw— F
R=2Q

From formula (i) at junction B we get;
=L+ (D)

From formula for the loop ABCDA we get,
IxI; —-1xL=4-1

11—12:3 (2)
From formula for the loop AEFDA we get,
I xI;-2xI=4

I xI;+2x{, +)=4

L+21+21,=4

3 +2L, =4 ...(3)
Adding [2 x eq. (2)] to eq. (3)

3L +2L+2(01-L)=4+6

5I,=10
L =2
Substituting in eq. (2) we get,
2-1,=3
L =-1
I=L+1
=2+ (-1)

I =1A fromEtoF
The current through the external resistance is
1 A and flows from E to F.

Ans:

Example 1.8

Determine the current flowing through the
galvanometer shown in the figure.

[Mar.03]

1A

20 Q
12+X

150

Solution:
Let current I = 1A split as shown in the figure. Then

the currents in the four branches of the bridge and
galvanometer will be as follows:
Current through AB =1,
Current through BC=1; - x
Cureent through AD = 1,
Current through DC =1, + x
Current through G = x
At junction C,
L —x+L+x=L+L=I=1A
Applying Kirchoff’s voltage law to circuit ABDA
we get,
Si+10x-151,=0 (D)
Now, applying the same to circuit BCD we get,
10(I; = x) - 20 (I, +x) - 10x =0
101, -10x-201,-20x—10x=0
10, -201,-40x=0 ....(2)
Now we multiply eq. (1) by 2 and subtract it from
eq. (2):
Eq. (1) x 2 gives,
101, +20x-301,=0
Eq. (2) - Eq. (3) gives,
10, -20,-40x-101,-20x+301,=0
10, -60x=0o0r,—6x=0
I, =6x
Substituting this value in eq. (2) we get,
10 I; —20(6x) —40x =0
101, -120x —40x=0
10l -160x=00r;-16x=0
I[=16x
L+L=16x+6x=22x.

e

22X:101‘XZLA
22

1
Ans: Current through the galvanometer is EA .
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Section 2: Wheatstone’s Bridge

Example 2.1

Four resistances 4 Q, 8 Q, X Q and 6 Q are
connected in a series so as to form Wheatstone’s
network. If the network is balanced, find the

value of ‘X’. [Oct 13]
Solution:
B
R] =4Q Rz =8Q
R;=XQ 6Q
D
Given: Ri=4Q R,=8Q,R;=6Q
To find: Unknown resistance (X).
Formula: R _R
R, R,
Calculation: From formula,
R3 =_1 X R4
2
= i x6=3Q
8
X =3Q

Ans: The unknown resistance is 3 Q.

Example 2.2

Resistances in the branches of Wheatstone’s
bridge are 30 Q, 60 Q, 15 Q and a series
combination of X and 5 Q resistances. If the bridge
is balanced, calculate the unknown resistance X.
Solution:

Given: R, =30Q,R, =60 Q,
R3=15Qand Ry=(X+5)Q
To find: Unknown resistance (X)
Formula: For balance condition of bridge,
R Ry
R2 R4
Calculation: From formula,
30 15
60 X+5
X+5= 15X060 =300
X=25Q

Ans: The unknown resistance is 25 Q.

Example 2.3

In a Wheatstone’s bridge arrangement PQRS, the
ratio arms P and Q are nearly equal. The bridge is
balanced when R =500 Q. On interchanging P and
Q, the value of R for balancing is 510 Q. Find the
value of S and the ratio P/Q.

Solution:
For balanced Wheatstone’s bridge,
P R
Q S
In the first case, R = 500 Q.
P 500
— = (1)
Q S

In the second case:when P.and Q are interchanged,
R=510Q

Q _ 510
- =— (2
P S )
Multiplying equations (1) and (2), we get
500510
o
or. S =,/500x510
S =504.97 Q
Substituting the value of S in (1), we get
P_ 500 =0.9901 = 1
Q 504.97
P et
Q

Ans: The value of S is 504.97 Q and the ratio % is 1.1.

Section 3: Metre Bridge

Example 3.1

An unknown resistance ‘X’ is placed in the left
gap and a known resistance of 60 Q is placed in
the right gap of a metre bridge. The null point is
obtained at 70 cm from the left end of the bridge.
Find the unknown resistance.

Solution:
Given: R=60Q, ¢, =70 cm,
l,=100-70=30cm
To find: Unknown resistance (X)
Formula: X = E—l
R ! 5
Calculation: From formula,
X 70
60 30
X=140Q

Ans: The unknown resistance is 140 Q.
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Chapter 13: Current Electricity

Example 3.2

In a metre bridge, the length of the wire is
100 cm. At what position will the balance point be
obtained if the two resistances are in the ratio
2:3?

Solution:
Given: £ =100 cm, § = g
R 3
To find: Position of balance point ()
Formula: § S
R 100-/
Calculation: From formula,
2
3 100-/
200 -2/ =3¢
5¢=200
_ 200
5
/= 40 cm.

Ans: The balance point will be obtained at 40 cm
from the left end of the metre bridge.

Example 3.3

With resistances P and Q in the left and right
gaps respectively of a metre bridge, the null point
divides the wire in the ratio 1 : 2. If P and Q are
increased by 20 Q each, the null point divides the
wire in the ratio 3 : 4. Find value of P and Q.

Solution:
. P I~ P+20 3
Given: -, == =
Q 2 Q+20 4
To find: Values of P.and Q
Formula: L
Q 4
Calculation:.  From formula,
P+20 _ E
Q+20 4
P+20 3
== ...(-Q=2P
2P+20 4 - Q )

6P + 60 =4P + 80 or 2P =20
P=10Q,Q0=20Q
Ans: The values of resistances P and Q are 10 Q
and 20 Q respectively.

Example 3.4

In comparing the resistances of two coils P and Q
with the help of a metre bridge arrangement, a
balance point is obtained when the sliding contact
is 30 cm from the zero end of the wire: The
resistances P and Q are then interchanged and
the balance point is obtained at 120 cm from the
zero end. Find the ratio of the resistances P and
Q and the length of the bridge wire.

Solution:

Let / be the length of the bridge wire.

In the first case, the balance point is at 30 cm
from the zero end.

P 30

— = — (1

Q (-30 @

When the coils P and Q are interchanged, the
balance point is at 120 cm from the zero end.

120
Q_ 2
P 7—120
Multiplying eq. (1) and (2) we get,
_ 30 8 120
=30 (-120
(¢ -30)(£-120)=30x 120
#—1500=0
Ll —-150)=0
As (#0,s0/=150 cm.
From (1), P__30 _1
Q 150-30 4
Po1:4
Q

Ans: The ratio of resistances gis 1 : 4 and the

length of the bridge wire is 150 cm.

Example 3.5
In the metre bridge experiment with unknown
resistance X in the left gap and a known resistance

of 60 Q in the right gap, null point is obtained at ¢

cm from left. If the unknown resistance X is
shunted by an equal resistance, what should be the
value of the known resistance in the right gap in
order to get the null point at the same position?
Solution:
When the unknown resistance X is in the left
gap and 60 Q in the right gap we have,

X l

—=— (1
60 100-¢ )
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When the known resistance X is shunted by an equal
resistance X, total resistance in the left gap is,
= XxX _ X
X+X 2
To obtain null point at the same position, suppose
the resistance R is changed to R’. Then,

X' ‘ X/2 1
R’ 1007 o ()
- R 100—¢
From equations (1) and (2) we get,
X _X/2 or R' = @
60 R' 2
S R'=30Q
Ans: The value of the known resistance in the right
gap is 30 Q.
Example 3.6

An unknown resistance X is placed in the left hand
gap of the metre bridge. A known resistance of
20 ohm in the other gap gives a balance point at
60 cm from the left end of the bridge wire.
Determine the value of X. How will you connect a
resistance Y with X so as to obtain the balance
point at the midpoint of the wire? Also find the
value of Y.

Solution:

The unknown resistance X is placed in the left gap
and known resistance of 20 Q in right gap and null
point is at 60 cm from left.

According to the balance condition,

X__60 _60
20 100-60 40
5 - 20%60

40
X=300

Now, a resistance Y 1s connected with X to
obtain the balance point at the midpoint of the

wire.

X+Y 50 1
20 50 1

X+Y =20

As X =30 Q, Y cannot to be connected in
series with X as 30 +Y = 20

Hence, Y has to be connected in parallel to X
to have an equivalent resistance of 20 Q.

20:XXY: 30Y
X+Y 30+Y

600+20Y=30Y

10 Y =600

Y =60Q

Ans: The value of Y is 60 Q.

Example 3.7
Two diametrically opposite points of a metal ring

are connected to two terminals of the left gap of
metre bridge. The resistance of 11 Q is connected
in right gap. If null point is obtained at a distance
of 45 cm from the left end, find the resistance of

metal ring. [Mar 14]
Solution:
Given: R,=11Q,/,=45em=45x 10" m,
L, =100 — [, =100 — 45=55%10"m
To find: Resistance.of metalring (Ry)
Formula: R = A
R,
Calculation: Resistance of each half segment of the
R
metal ring = —= and these half

segments are connected in parallel in

the left gap.
R, R, R, R,
-2 2 2 2
Reff. -
&4_& Rl
2 2
R
Rer = —Q
ff. 4
From the formula,
Reff. — l_l
R2 12
Rl
4.8
11 55
& = 2
44 11
Rl = 2>(4-4-
11
R] = 36 Q

Ans: The Resistance of the metal ring is 36 Q.

Section 4: Potentiometer

Example 4.1
A potentiometer wire has a resistance per unit
length 0.1 Q/m. A cell of e.m.f. 1.5 V balances
against 300 cm length of the wire. Find the
current through potentiometer wire.

[Mar 09, Oct 15]

Solution:

Given: c=0.10/mE=15V,
L=300cm=3m.

To find: Current through potentiometer (I).
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Formulae: 1. c=R/L
ii. I=E/R
Calculation: From formula (i),
R=cL
=0.1x3=03Q
From formula (ii),
I = L5 5A
0.3

Ans: Current through the potentiometer wire is 5 A.

Example 4.2

A potentiometer wire is 10 m long and a potential
difference of 5 V is maintained between its ends.
Find the e.m.f. of a cell which balances against a
length of 180 cm of the potentiometer wire.
Solution:

Given: K= iV/crn
1000
= LV/cm, /=180 cm
200
To find: e.m.f. of the cell (E)
Formula: E =K/
Calculation: From formula,
E= L x 180
200
E=09V

Ans: The e.m.f. of the cell is 0.9 V.

Example 4.3

A potentiometer wire is supplied a constant
voltage of 3 V. A cell of e.m.f. 1.08 V is balanced
by the voltage drop across 216 cm of the wire.
Find the total length-of the potentiometer wire.
Solution:

Given: Ei=3V,E;=1.08V,
/, =216 em
To find: Total length of wire (/;)
Formula: £ .5
E, o 4,
Calculation: From formula,
61 = i X fz
E,
_ 3x216
1.08
=600 cm
fl = 6m
Ans: The total length of the potentiometer wire is
6 m.

Example 4.4

Resistance of a potentiometer wire is 0.1 Q/cm. A
cell of eem.f. 1.5 V is balanced at 300 cm on this
potentiometer wire. Calculate the current and
balancing length for another cell of em.f. 1.4 V

on the same potentiometer wire. [Mar 15]
Solution:
Given: c=0.1 QYcm
=0.1 x 100 Q/m =10 /m,
1=300cm=3m
Ei=15V,E,=14V
To find: Current (I), balancing length (/)
Formulae: i. 1= Er ii. Bl U
ol, E, [
Calculation: Using formula (i),
I= W - 0.05 A
0x3
Using formula (ii),
L= E _ 14x3 _ 78 m
E, 1.5

Ans: The flow of current is 0.05 A. The balancing
length for second cell is 2.8 m.

Example 4.5

A’ potentiometer wire is 100 cm long and a
constant potential difference is maintained across
it. Two cells of emfs E; and E, are connected in
series first to assist one another and then in
opposition. The balance points were obtained at
60 cm and 12 cm respectively from the same end
of the wire in the two cases. Find the ratio of the
e.m.f.s of the two cells.

Solution:
When the two cells are connected to assist
each other,
E,+E, =k x 60 ()
When the two cells are connected in
opposition,
E,—-E,=kx12 ...(2)

Dividing equation (1) by (2), we get

E,+E, 60 5

E-E, 12 1

Applying componendo and dividendo, we get
(E,+E,)+(E,-E,) _ 5+1

(E2+E2)_(E1_E2) 5-1

2E, 6 E, 3

2E, 4 E, 2
=3:2

Ans: Ratio of e.m.fs of the two cells is 3 : 2.
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*Example 4.6

A potentiometer wire has a length of 2 m and
resistance of 10 Q. It is connected in series with
resistance 990 Q and a cell of e.m.f 2 V. Calculate

the potential gradient along the wire.  [July 16]
Solution:
Given: L=2m,R=10Q, Re=990 Q,

E=2V
To find: Potential gradient of wire (K)
Formula: K= v

L
. . E
Calculation: Since, 1=
R+R;
Also, V =1R= ER
R+R;
2x10 20

104990 1000
V=2x1072volt
From formula,

K- 2x107?
2
K=107V/m

Ans: The potential gradient of wire is 107 V/m.

Example 4.7

A potentiometer wire is 10 m long and has a
resistance of 18 Q. It is connected to a battery of
emf 5 V and internal resistance 2 Q. Calculate the
potential gradient along the wire.

Solution:

Given: [=10mR=18Q,E=5V,
r=2Q

To find: Potential gradient (K)

Formula: . I= £

R+r

y . . IR
ii. Potential gradient K = %= i

Calculation: From formula (i),
Current through the potentiometer
wire,

R+r 18+2 20 4

From formula (ii),

_ 1 18
— X —
4 10
o K=0.45Vm™
Ans: The potential gradient along the wire is

0.45Vm™.

Example 4.8

A potentiometer wire has a length of 4 m and a
resistance of 5 (). What resistance should be
connected in series with a potentiometer wire and
a cell of e.m.f. 2 V having internal resistance 1 Q
to get a potential gradient of 10° V/em? _ [Oct 14]
Solution:

Given: L=4mR =5QE=2V,r=1Q,

K =107 V/em=10"V/m

To find: Series resistance (X)
Formula: K= YR
L L

_(£LE R
R+r+X /L

Calculation: From fomula,

T— (fj
S+1+X \ 4

6+X=20x—

AW

6+X=25
o X=25-6=19Q
Ans: A resistance of 19 Q should be connected in
series.

Example 4.9

A 10 metre long wire of uniform cross-section

and having a resistance of 20 Q is fitted in a

potentiometer. This wire is connected in series

with a battery of 5 V along with an external

resistance of 480 Q. If an unknown e.m.f. E is

balanced at 600 cm of this wire, calculate

i. the potential gradient of the potentiometer
wire and

ii.  the value of the unknown e.m.f. E.

Solution:

Given: /=10 m= 1000 cm,
R=20Q,E=5V,
r=480Q,

Balancing length, /'= 600 cm

To find: L. Potential gradient (K)
ii.  Unknown emf (E)
Formulae: 1. I= E ii. K= v
R+r l
iii. E=K/
Calculation:

From formula (i),
Current through the potentiometer wire,

> - > _go1a

I e
(20+480) 500
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From formula (ii),
V=IR=0.01 x20=02V

ke Y _ 02
/1000
=0.0002 Vcm™!

K=2x10"Vem™
From formula (iii),
E=2x10"x 600
s E=0.12V
Ans: i The potential gradient of the
potentiometer wire is 2 x 107 V em™.
ii.  The unknown e.m.f. is 0.12 V.

Example 4.10

The length of a potentiometer wire is 10 m. An
accumulator of steady e.m.f. is connected across
the wire. A Leclanche cell gives a null point at
750 cm. If the length of the potentiometer wire is
increased by 100 cm, find the position of the
balance point.

Solution:

Given: f1=10m, E=E,,
lh=75m,E=E,
Case2:/'1=11m, E=E,

E = E, (Balance condition)
To find: Position of balance point (£'5)

Formula: E = 4
E2 €2
Calculation: From formula,
E, ¢ 10
E, (4 73
In case (2), forbalance condition,
B
EZ ZZ £2
From equation (1) and (2) we get,
100 11

75 0,
1,=825m

Ans: The position of the balance point will be 8.25 m
from the zero end.

(D)

Solution:
Given: E=2V,r=1Q, /=4m,

R=240, % = 0.24 V/m.

To find: External resistance (Rex)

Formula: 1= L XE
R+r +R, Y4

Calculation: From formula,

0.24 = __ ><ﬁ
24+1+R_, 4

024 = # x.6
25+R

25+R,
2% 12 2 1

100 25+R_, 100 25+R_,
50 42 Rey = 100

50
Rext = 7
Rext =25 Q.

Ans: A resistance of 25 Q must be connected in
series with the potentiometer wire.

Example 4.11

An accumulator of e.m.f. 2 V and internal
resistance 1 Q is connected to a potentiometer
wire of length 4 m and resistance 24 Q. What
resistance must be connected in series with
potentiometer wire so that the potential gradient
along the wire is 0.24 V/m ?

Example 4.12
A potentiometer of length 10 m and resistance of
20 Q are connected to a cell of em.f. 4 V and
resistance of 5 Q in series. What is the distance of
the null point, when two cells E; and E, are
connected
i. so as to assist each other?
iil.  so as to oppose each other?

[Given: E; =15V, E;=1.1V]
Solution:
Given: /=10m, R=20Q, E=4V,

r=50,E,=15V,E,=1.1V.
To find. Distance of null point when E; and E,

assist/oppose each other (¢, + (5, £} — 15)

Formulae: 1. I= E
R+r

11. K= X

14

11i. E1 + E2 = K(gl + fz)
1v. E1 —EzzK(fl —gz)

Calculation: From formula (i),
4 4

I=
20+5 5
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I1=0.16 A
From formula (ii),
V. IR 0.16x20
10
K=0.32 V/m
From formula (iii),
Ei +E, =K({ + ()

E, +E,

fl"’fz:

_ 1.5+1.1

0.32
=8.125m

£+ 0,=812.5 cm
From formula (iv),
Ei—E, =K ({1 - )

— EI_EZ
by — L= <
C15-1.1
C032
=1.25m
f1—£2=1250m

Ans: The distance of null point when the two cells
are connected

1. S0 as to assist each other is812.5 cm.
il.  so as to oppose each otheris 125 em.

Example 4.13

In a potentiometer experiment, the length of the
wire is 5 m. When two cells of e.m.f.s E; and E,
are connected in series so as to assist each other,
the balancing length is found to be 375 cm. When
the cells are connected in series so as to oppose
each other, the balancing length is found to be
75 em. Compare the e.m.f.s of the two cells.
Solution:

{=5m, ¢, +/0,=375cm,
fl—€2=750m.

Given:

To find. Ratio of e.m.f.s of two cells (Ej

2

E +E, _ 0 +74,

Formula:
E -E, (-1,
Calculation: From formula,
E,+E, 375
E,-E, 75

Using componendo — dividendo,

2B, 375+75
2B, 375-75
E, 450

E, 300
£=3:2

E

2
Ans: The e.m.f.s of the two cells are in the ratio 3 : 2.

Example 4.14

A cell balances against.a length of 250. cm on a
potentiometer wire,” when it is shunted by a
resistance of 10 Q. The balancing length becomes
200 cm, when it is shunted by a resistance of 5 Q.
Calculate the balancing length when the cell is in
open circuit and also find internal resistance of

the cell. [Oct 11]
Solution:
Given: R=10Q, /, =250 cm,
R'=5Q, [; =200 cm.
To find: Balancing length (/,),
internal resistance ()
l1 _12
Formula: r=R|——=
12
Calculation: From first condition,
r=10 zl—zsoj ..(1)
250
From second condition,
r=s (12200 (2
200

Equating (1) and (2),

1o [1=250) _ ¢ (1,=200
250 200

200 x 10 (1> — 250) = 250 x 5(/; — 200)
8 (1, — 250) = 5 (I, — 200)
81, — 51, = 8(250) — 5(200)

3/,=1000
1000
Lh=——
3
= 333.33 cm

Substituting value of /; in equation (2),
(333.33 —200
r=5|———
200

= 333Q
Ans: 1. The balancing length is nearly 333 cm.
ii.  The internal resistance of the cell is
approximately 3.33 Q.
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Example 4.15

An accumulator of em.. 6 V and negligible
internal resistance is connected to a 10 m
potentiometer wire of 25 Q. What is the series
resistance required so that the potential gradient
along the wire is 2 m V/cm? What is the balancing
length for a Leclanche cell of e.m.f. 1.51 V?
Solution:

Given: E=6V,/=10m R=25Q,r=0,
-3
k=21 200 65 vim,
cm (e
E; =151V
To find. 1. Series resistance (R;)
ii.  Balancing length (/)
Formulae: 1. I= _E
R+r+R,
.. V IR
il. =—=—
l l
Calculation: From formula (i),
= 6 _ 6
25+0+R, 25+R|
From formula (ii),
_ 635 1
T 25+R, 10
2(25+Ry)=6x%x25
Ry +25=175
Ry=50Q
From formula (ii),
E
E, =K/ ort, ==L
K
1.51
,_Lst
0.2
Kl =7.55m
/1, =755 em
Ans: i The series resistance required is 50 Q.

ii. ~ The balancing length for Leclanche cell
is 755 em.

Example 4.16

A cell balances against a length of 200 cm on a
potentiometer wire when it is shunted by a
resistance of 8 Q). The balancing length reduces by
40 cm when it is shunted by a resistance of 4 Q.
Calculate the balancing length when the cell is in
open circuit. Also calculate the internal resistance
of the cell. [Feb 13]

Solution:

Given:

To find: I.

Formula:

Calculation:

Ans:

R =8Q, 5, =200 cm,
R,=4Q,/',=160 cm

Balancing length when the cell
is in open circuit (/)

ii.  Internal resistance of the cell (1)

r=R —ll —h
12

From first condition,

o (1,=200
r—S( 200 j )

From second condition,

_ A1=160
r—4[ T J ...(2)

From equation (1) and (2),
we get,

8(11 —200) _ 4[11 —160J
200 160
[,=200 [, —-160
25 40

251, — 4000 =40/, — 8000
157,= 4000
[, =266.67 cm
From equation (1) we get,
internal resistance,

g (11 —200) _ 266.67—200

200

25
r=2.667 Q
1. The balancing length when the cell is in
open circuit is 266.67 cm.
ii.  The internal resistance of the cell is 2.667 Q.

Problems for Practice

Section 1: Kirchhoff’s Laws

1.

In the circuit shown below, calculate the value
of the current I.

6A

6A 6A

2A 2A

I

When a certain P.D. was maintained across a
conductor, the current flowing through it was
found to be 0.5 A. When the P.D. was
increased by 10 volt, the current increased by
1 ampere. Find the resistance of the conductor
and the original P.D.
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3.

A 10 volt battery of internal resistance
1 ohm is connected to a 20 volt battery of
internal resistance 2 ohm with similar poles
together. They send current through a 30 ohm
resistance. Calculate current in each battery arm.

Find the value of current I, in the circuit given
below.

Two cells of e.m.f. 3 volt and 4 volt having
internal resistances 2 ohm and 1 ohm
respectively have their negative terminals
joined by a resistor of 6 ohm and positive
terminals joined by another resistor of 4 ohm.
A third resistor of resistance 8 ohm connects
the midpoints of these resistors. Find the P.D.
at the ends of the third resistor.

A current of 3 A flows through certain
resistance when a cell is connected across it.
The potential difference across the resistance
was found to be 4.8 volt. The e.m:f. of cell is
5 volt. Calculate the internal resistance of the
cell.

Section 2: Wheatstone’s Bridge

7.

10.

Four resistances 10 Q, 10 ©, 10 Q and 20 Q
form a Wheatstone’s network. Calculate the
value of shuntneeded across 20 Q resistor to
balance the network.

Four resistances P, Q, R, S are connected in
cyclic. order to form a balanced Wheatstone’s
network. If P =20 Q, Q=50 Q, S=30 Q, find
R. What will be the value of R if another
resistance of 50 Q2 is connected across Q ?

Two wires of same material but of lengths
30 cm and 40 cm and of radii 0.5 mm and
0.6 mm respectively, are introduced in the two
gaps of Wheatstone’s metre bridge. Find the
position of the null point.

Four coils of resistances 3 Q, 6 2, 9 Q and
30 Q respectively are arranged to form a
Wheatstone’s bridge. Determine the value of
the resistance with which the coil of 30 Q
should be shunted so as to balance the bridge.

11.

Two resistance coils P and Q are connected in
series across one gap of Wheatstone’s metre
bridge. A resistance of 27 ohm is connected
across the other gap. The null point is obtained
at 40 cm from the end corresponding to-series
combination of P and Q. P and Q are now
connected in parallel. The known resistance
has now to be decreased by 21 ohm to have
the same balance point as before. Determine P
and Q.

Section 3: Metre Bridge

12.

13.

14.

15.

16.

An unknown resistance is placed in left gap
and resistance of 50 2 in right gap of a metre
bridge. The null point is obtained at 40 cm
from left end. Determine unknown resistance.

Two diametrically opposite points of a metal
ring are connected to two terminals of left gap
of a metre bridge. In the right gap, resistance
of 15 Q is introduced. If the null point is
obtained at a distance of 40 cm from left end,
find the resistance of the wire forming the
ring.

Two unknown resistances are connected in
series in one gap of a metre bridge and a
known resistance 9 Q is connected in the
other gap of metre bridge. The null point is
obtained at midpoint of wire. If the two
unknown resistances are connected in parallel
in the same gap, the same null point is
obtained when the known resistance in other
gap is 2 Q. Calculate values of unknown
resistance.

Two resistances X Q and Y Q are connected
in the left and right gaps respectively of a
metre bridge. A null point was found on the
bridge wire such that the ratio of lengths of
two segments of wire is 2 : 3. The distance
of the null point was measured from the left
end of the wire. When the value of X is
changed by 20 Q, the position of the null
point divides the wire into segments of
lengths in the ratio 1 : 4. Determine X and
Y.

Two resistances X and Y in the two gaps of a
metre bridge give a null point dividing the
wire in the ratio 2 : 3. If each resistance is
increased by 30 Q, the null point divides the
wire in the ratio 5 6. Calculate each
resistance.
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17.

18.

Two equal resistances are introduced in the
two gaps of a metre bridge. Find the shift in
the null point if the resistance in the left gap is
shunted by an equal resistance. What will
happen to the null point if an equal resistance
is connected in series with the resistance in the
left gap?

When two resistances P and Q are introduced
in the two gaps of a metre bridge, a balance
point is found in the bridge wire such that the
ratio of the two parts of the wire is 1 : 3. If P
and Q are increased by 25  each, balance
point divides the wire in the ratio 3 : 7, lengths
being measured in the same way as before.
Find P and Q.

Section 4: Potentiometer

19.

20.

21.

22.

23.

24.

A cell of em.f. 1.02 volt is balanced by
150 cm of potentiometer wire. When the cell
is shunted by a resistance of 4 Q, the
balancing length reduces to 120 cm. Find the
internal resistance of the cell.

A potentiometer wire of length 4 m and
resistance 8 (2 is connected in series with a
battery of e.m.f. 2 V and negligible internal
resistance. The e.m.f. of the <cell balances
against length of 217 cm of wire. When a cell
is shunted by a resistance of 15 Q, the
balancing length is reduced to 200 c¢m. Find
the internal resistance of the cell.

The resistance of potentiometer wire is 1 Q/m.
A cell of em.f. 1.4V is balanced against
280 cm of wire. Find the current in the wire.

In a_potentiometer experiment, the balancing
length is found to be 1.80 m for a cell of e.m.f.
1.5 V. Find the balancing length for a cell of
e.m.f. 1 V.

A potentiometer wire has a length of 4 m and
resistance of 4 . What resistance must be
connected in series with the potentiometer
wire and a cell of em.f. 2 V and internal
resistance 2 Q to get a p.d. of 10~ V/cm along
the wire?

Potential drop per unit length of a wire is
5 x 107 V/em. If the e.m.f. of cell balances
against a length of 216 cm of potentiometer
wire, find the e.m.f. of the cell.

26.

27.

28.

29.

Length of potentiometer wire is 10 m and is
connected in series with an accumulator. The
e.m.f. of a cell balances against 250 cm of the
wire. If the length of wire is increased by
1 m, calculate the new balancing length of
the wire. (Accumulator has negligible
internal resistance)

A potentiometer wire of length-2 m and
resistance 5 (2 is connected in series with
resistance of 998 Q and'cell of em.f. 2 V and
internal resistance 20 Q. Find potential drop
along the wire and the<length fequired to
balance an e.m:f. of 4 mV.

A cell of e.m.f. 2V and negligible internal
resistance is connected to a potentiometer wire
of length 4 m and resistance 25 Q to form a
closed. circuit.” Find the potential gradient
along the wire.

A potentiometer wire of length 10 m and
resistance 9 ohm is connected to a battery of
e.m.f. 2.1 volt having internal resistance
1.5 Q. Find the potential gradient along the
wire and the balancing length for a cell of
e.m.f. 1.08 volt.

The resistance of a potentiometer wire is
0.1 Q per cm. A cell of em.f. 1.5 V balances
at 300 cm on this potentiometer wire. Find
the balancing length for another cell of e.m.f.
1.4 volt on the same potentiometer wire.

Multiple Choice Questions

Section 1: Kirchhoff’s Laws |

1.

A cell supplies a current of 2 A through two
resistors of 4 Q each when in series and a
current of 5 A through the same resistors but
in parallel. What is the internal resistance of
the cell ?

(A) 1.0Q
C) 220

(B) 200
(D) 250

A battery of 4 V and internal resistance 1 Q
sends a current of 1 A through a load. If two
such batteries are connected in series across
the same load, the current through the load
will be

(A) 120 A
(C) 1.60 A

1.40 A
1.80 A

(B)
D)
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3.

In the circuit given below, if X = 1 Q and
E = 3 V, what is the current drawn from the
cell?

X
XE X £X

XE [ 1 5x

E

||

II
(A) 03A (B) 4A
(C) 3A (D) 6A

If the resistance across a 12 V source is
increased by 4 Q, the current drops by 0.5 A.
The original resistance was

(A) 8Q (B) 4Q

) 16Q (D) 240

In circuit given below, the cells E; and E,
have em.f.s of 1.5 V and 6 V and internal

resistances of 0.4 Q2 and 0.8 Q respectively.
Then the p. d. across E; and E, will be

IEl IEz
A Il L B
3Q 30
NVWA | MWWN—

(A) 3.75V,25V B) 2.5V,3.75V

(C) 18V,54V (D) 54V, 18V
In circuit shown below, the only correct option is

X

0.5A
25N — 10Q 1002200
1 2 3

(A) X=16Q
(B) current through 20 Qis 1 A
(©) p.d across10Qis 15V
(D) p.d.across Xis 10V

Section 2: Wheatstone’s Bridge

7.

In a typical Wheatstone’s network, the
resistances in cyclic order are A = 10 ohm,
B =5 ohm, D = 4 ohm and C = 4 ohm. For the
bridge to balance,

10.

(A) 10 Q should be connected in series with A.

(B) 10 Q should be connected in parallel
with A.

(C) 10 Q should be connected in series with B.

(D) 5 Q) should be connected in parallel with B.

Four resistors are connected as shown in the
figure. It is found that the current flowing
through the galvanometer G is zero. The
resistance of X is

4 Q) 6 Q)
©)
X
11
(A 3Q
B) 6Q
<€) 12Q
(D) impossible to determine  without

knowing the e.m.f. of the battery.

A Wheatstone’s bridge PQRS has resistances
PQ=20,QR=3Q,PS=20Qand RS=3 Q.
The points P and R are joined by a resistance
of 5 Q. What is the total resistance of the
loop?

(A) % 9) B) 10
4 5
© 3 Q (D) 3 Q

In the figure given below, the value of
resistance X, when the potential difference
between P and M is zero is

(B) 6 ohm
(D) 9 ohm

(A) 4 ohm
(C) 8ohm
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11.

12.

13.

14.

Four resistors A, B, C and D having
resistances 3 Q, 3 Q, 3 Q and 4 Q
respectively, are arranged to form a
Wheatstone’s bridge. The value of the
resistance with which D must be shunted in
order to balance the bridge is

A 3Q B) 6Q

<) 9Q D) 120

In the circuit shown below, the potential
difference between the points B and D is

150 5 300
A C
—— MWWW——WWWN——
2000 D 400
|
II
(A 1V (B) 0V
(C) =2V (D) 4V

In the adjoining figure, the potential drop
between B and D is zero. The value of X is

(A) 3Q4B) 4Q (C) 5Q (D) 6Q

Figure shows a network of eight resistors
numbered 1 to 8, each equal to 2 Q and
connected tora 3 V battery of negligible internal
resistance. The current I in the circuit is

X Y
(A) 05 A B) 1.0A
(C) 20A (D) 4.0A

Section 3: Metre Bridge

15.

16.

17.

18.

With resistances A and B in the left and right
gaps of a metre bridge, the balance point
divides the wire in the ratio 1/2. When A and
B are increased by 10 €, the balance point
divides the wire in the ratio 3/4. The ratio of A

and B will be
(A) 1:2 (B) 2:1
<) 3:4 Dy 2:3

In a metre bridge, the gaps are closed by two
resistances P and Q and the balance point is
obtained at 40 em. When Q is shunted by a
resistance of 10 €, the balance point shifts to
50 cm. The values of P and Q are

'| P '| |' Q |'

<—40 cm\—>

(A) 103,50 (B) 209,300
©) 10Q,150 D) 5Q,1520Q
Two resistances are connected in the

two gaps of a metre bridge. The balance point is
60 cm from the zero end. When a resistance of
10 Q is connected in series with a smaller of the
two resistances, the null point shifts to 80 cm.
The smaller of the two resistance has the value
A) 80 (B) 6O (C) 40 (D) 20

Unknown resistance is placed in left gap of a
metre bridge and known resistance of 30 Q in
the right gap and null point is obtained. If

th
unknown resistance is shunted by [%) of its

value, then the resistance in the right gap to
obtain the null point at the same point will be
(A) 6Q B) 9Q

) 15Q (D) 450

Section 4: Potentiometer I

19.

The value of potential gradient in the given
circuit will be

+I l l I+
4V 4V
As 8m > B
(A) 0.5V/m (B) 0V/m
(©) 5V/m (D) 0.05 V/m
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20.

21.

22.

23.

24.

25.

26.

A voltmeter has a resistance of 40 Q. When it
is connected to a battery of em.f 5 V and of
internal resistance 5 (), the reading of the
voltmeter is

(A) 1.1 volt
(C) 3.3 volt

(B) 2.2volt
(D) 4.4 volt

A standard cell of 1.08 V is connected in the
secondary circuit in a potentiometer experiment.
The balancing length, in order to obtain a
potential gradient of 3 x 10~ volt/cm, will be
(A) 108m (B) 54m

(C) 3.6 m D) Im

The e.m.f. E of the battery is balanced by p. d.
across 60 cm of a potentiometer wire. For a
standard cell of e.m.f. 1.08 V, the balancing
length is 40 cm. The value of E is

(A) 0.54V (B) 1.08V

©) 162V (D) 1.02V

E.m.f. and internal resistance of a cell are
1.1 V and 0.5 Q respectively. The e.m.f.
balances against 200 cm of a potentiometer
wire. On drawing current ‘x’ from the cell, the
balancing length reduces to 150 cm. Then,

(A) x=055A B) x=045A

(C) x=035A (D) x=025A

The e.m.f. of Daniel cell gets. balanced on
600 cm length of potentiometer wire. When a
3 Q resistance is connected at the terminalsof the
cel, then the balancing length becomes
200 cm. The internal resistance of thecell will be

(A) 20 B) 40
C) 60 D) 10

A cell of em.f..2 V and negligible internal
resistance is  connected in series with a
potentiometer ‘wire of length 100 cm. The
e.m.f. of the Leclanche cell is found to balance
on 60 cm of the potentiometer wire. The e.m.f.
of the cell.is (in volt)

A) 3.2 B) 22
© 1.2 (D) 0.2
When two cells of emf 1.5 V and

1.1 V connected in series are balanced on a
potentiometer, the balancing length is 240 cm.
The balancing length, when they are
connected in opposition is (in cm)
A 37 (B) 74
(©) 111 (D) 148

28.

29.

30.

NNk W=

The length of a potentiometer wire is
8 metre. An accumulator of steady e.m.f. is
connected to it. A cell connected in usual way
gives null point at 6 m. If the length of the
potentiometer wire is increased by 2 m, the
balance point for the same cell will be

(A) 2.5m (B) 50m

(©) 75m (D) 1.0m

A potentiometer wire AB is 10 m long and has
a resistance of 4 Q/m. Itds connected in series
with a battery of e.m.f. 4 V and a resistance of
20 Q. The potential gradient along the wire in
V/mis

(A) 0.01 (B) 10.02

(©) 0.2 (D) 03

In a potentiometer circuit, there is a cell of
e.m.f. 2. volts and internal resistance of 5 Q, a
wire of uniform thickness of length 1000 cm
and resistance 20 Q. The potential gradient of
the wire is

(A) 0.6x107°V/em (B) 1.6x10° V/iem
(C) 2.6x107°V/iem (D) 3.6x 107 V/iecm

In the potentiometer circuit shown below,
when key K; is closed and K, is open,
balancing length is found to be 200 cm. When
key K; is open and key K, is closed, the
balancing length is found to be 150 cm. The

. E, .
ratio, — 18
E, Kz
F I—()
E 1L E, _|
T
(A) 3:2 B) 4:1
(C) 5:3 D) 3:1

Answers to Problems for Practice

5 A, away from the point
10Q,5V
I[,=-3.04A,,=348A
14 A

2.52 volt

0.0667 Q

20Q

75Q,375Q
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Chapter 13: Current Electricity

10.
1.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

51.9 cm from one end
45 Q

60,120

33.33Q

40 Q

30,60

320,48 Q
200,300

16.7 cm to left, 16.7 cm to right
500,150 Q

10

1.3Q

0.5A

1.2m

14 Q

1.08 V

275 cm

9.95 x107° V, 0.804 m
0.5 V/m

0.18 V/m, 6 m

280 cm

Answers to Multiple Choice Questions

. B) 2. (C) 3. (O) 4. (A

5. (C) 6. (A) 7. (B) 8 (C)
9. (D) 10. (C) 11. (D) 12. (B)

13. (D) 14. (B) 15. (A) 16 (A)
17. (D) 18. (A) 19. (B) .20. (D)

21.
25.
29.

©)
©
(B)

22.
26.
30.

©
(A)
(D)

23.
27.

(A)
©

24.
28.

©)
(D)
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