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Current Electricity

Topic1 Equivalent Resistance, Drift Velocity,
Resistivity and Conductivity

Objective Questions I (Only one correct option) 5. In aconductor, if the number of conduction electrons per unit
. 28 -3 S
1. Space between two concentric conducting spheres of radii a volume 1S 85x10 m and.megn free time is 25 fs (femto
and b(b>a) is filled with a medium of resistivity p. The second), it’s approxir;]late resistivity 1s
resistance between the two spheres will be (Take, m, = 9.1x10"" kg) (2019 Main, 9 April 1)
(2019 Main, 10 ApriI 1) (a) 10—7 Q-m (b) 10—5 Q-m
(a) o, l@ (b) P l@ (¢) 107°Q-m (d) 107°Q-m
2m % b 4m % b . . ST
ool 10 o O 10 6. Determine the charge on the capacitor in the following circuit
c) — I d) = + (2019 Main, 9 April 1)
()2T[H; bE ()41'[% b%
2. A current of 5 A passes through a copper conductor
(resistivity = 1.7 x 10™® Q-m) of radius of cross-section 5 72V —10pF
mm. Find the mobility of the charges, if their drift velocity is
L1x 107 m/s. (2019 Main, 10 April I)
(@) 1.5m?/ V-s (b) 1.3 m?/ V-s (a) 2pC (b) 200pC  (c) 10pC  (d) 60pC
(¢) 1.0m?/ V-s (d) 1.8 m?*/ V-s 7. A wire of resistance R is bent to form a square ABCD as
3. In an experiment, the resistance of a material is plotted as a ?how? m t.he ﬁ%’ur e. The effective resistance betwe.enE an(.i c
function of temperature (in some range). As shown in the is [ is mid-point of arm CD] (2019 Main, 9 April 1)
figure, it is a straight line. (2019 Main, 10 April I) A B
INR(T) \
D g C
\ 112 (a) TR (b) 3R
64 4
One may conclude that 1
2,2 2,2 R d) —R
@ R =Re 0 (o) ROTY=Rye” © @ 75
(¢) R(T)= Roe—702/72 ) R(T)= Ry 8. A uniform metallic wire has a resistance of 18 Q and is bent
T? into an equilateral triangle. Then, the resistance between any
4. A metal wire of resistance 3 Q is elongated to make a uniform two vertices of the triangle is (2019 Main, 10 Jan )
wire of double its previous length. This new wire is now bent (@) ;299 (Z) i ?2
and the ends joined to make a circle. If two points on this circle © (d)
make an angle 60° at the centre, the equivalent resistance 9. A copper wire is stretched to make it 0.5% longer. The
between these two points will be (Main 2019, 9 April I1) percentage change in its electrical resistance, if its volume
remains unchanged is (2019 Main, 9 Jan 1)

7 5 12 5
@30 G0 (L2 (@0 @ 20% () 1.0%  (c) 0.5%  (d) 2.5%
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13.

14.

Mobility of electrons in a semiconductor is defined as the
ratio of their drift velocity to the applied electric field. If for
an 1 - type semiconductor, the density of electrons is 10'"m ™
and their mobility is 16 m? (V-s), then the resistivity of the
semiconductor (since, it is an n-type semiconductor

contribution of holes is ignored) is close to
(2019 Main, 9 Jan 1)

(@2Q-m (1)02Q-m (c)04Q-m (d) 4Q-m
Drift speed of electrons, when 1.5 A of current flows in a
copper wire of cross-section 5 mm? is v. If the electron
density in copper is 9% 10°®/ m?, the value of v in mm/s is
close to (Take, charge of electron to be = 16 107" C)

(201 9Main, 9 Jan 1)
(a) 0.02 (b) 0.2 (c) 2 (d)3
In an aluminium (Al) bar of square cross section, a square
hole is drilled and is filled with iron (Fe) as shown in the
figure. The electrical resistivities of Al and Fe are
27 %107 Qmand 1.0 x 1077 Qm, respectively. The electrical
resistance between the two faces P and Q of the composite

bar is (2015 Adv.)
7 mm
2475 1875 1875 2475
a)—uQ (b)) —puQ (¢)—uQ (d)—puQ
()64u ()64u ()49H ()132“

When 5V potential difference is applied across a wire of
length 0.1m, the drift speed of electrons is 2.5 x 10” *ms ™" . If
the electron density in the wire is 8 x 10*® m™? the resistivity
(2015 Main)
() 1.6x 107" Qm
(d)1.6x10"° Qm

of the material is close to
(@) 1.6 x 10 Qm
(€)1.6x107° Qm

Consider a thin square sheet of side L and thickness ¢, made
of a material of resistivity p. The resistance between two

opposite faces, shown by the shaded areas in the figure is
(2010)

A

|

(&
T L

(a) directly proportional to L

(b) directly proportional to ¢

(c) independent of L
(d) independent of ¢

15.

16.

17.

18.

19.
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Six equal resistances are connected between points P,Q and
R as shown in the figure. Then, the net resistance will be
maximum between (2004, 2M)

(a) Pand Q
(b) Qand R
(c)Pand R
(d) any two points

The effective resistance between points P and Q of the

electrical circuit shown in the figure is (2002, 2M)
2R 2R
P Q
2R
2R 2R
2Rr SR(R +r
(@) (o) RUE L)
R+r 3R+r
(c)2r+ 4R (d) % +2r

A steady current flows in a metallic conductor of
non-uniform cross-section. The quantity/quantities constant
along the length of the conductor is/are (1997, 1M)
(a) current, electric field and drift speed

(b) drift speed only

(¢) current and drift speed

(d) current only

(1993, 2M)
Y : The resistivity of semiconductor decreases with increase
of temperature.

Z : In a conducting solid, the rate of collisions between free
electrons and ions increases with increase of
temperature.

Select the correct statement (s) from the following
(a) Yis true but Z is false

(b) Y is false but Z is true\

(c) Both Y and Z are true

(d) Yis true and Z is the correct reason for Y

Read the following statements carefully

A piece of copper and another of germanium are cooled from
room temperature to 80 K. The resistance of (1988, 1M)
(a) each of them increases

(b) each of them decreases

(c) copper increases and germanium decreases

(d) copper decreases and germanium increases
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Fill in the Blank
20. The equivalent resistance between points 4 and B of the
circuit given below is ....... . (1997, 2M)
i 2R 2R R B

True/False

21. The current-voltage graphs for a given metallic wire at two
different temperatures 7; and 7, are shown in the figure.

The temperature 7, is greater than 7| (1985, 3M)

/

%

22. FElectrons in a conductor have no motion in the absence of a
potential difference across it. (1982, 2M)

Analytical & Descriptive Questions

23. All resistances in the diagram are in ohm. (1980)

Find the effective resistance between the points 4 and B.

24. TIfeach of the resistances in the network shown in the figure is

R, what is the resistance between the terminals 4 and B ?
(1978)

25. A copper wire is stretched to make it 0.1% longer. What is the
percentage change in its resistance ? (1978)

Topic2 Kirchhoff's Laws and Combination of Batteries

Objective Questions I (Only one correct option)

1. To verify Ohm’s law, a student connects the voltmeter across
the battery as shown in the figure. The measured voltage is
plotted as a function of the current and the following graph is
obtained (2019, Main, 12 April 1)

Internal
resistance

s

IV, is almost zero, then identify the correct statement.

(a) The emf of the battery is 1.5 V and its internal resistance
is1.5Q

(b) The value of the resistance R is 1.5 Q

(c) The potential difference across the battery is 1.5 V when
it sends a current of 1000 mA

(d) The emfofthe batteryis 1.5 V and the value of Ris 1.5 Q

2. In the given circuit, an ideal voltmeter connected across the
10 Q resistance reads 2 V. The internal resistance 7, of each
cell is (2019 Main, 10 April 1)

@ Ammeter

WWWA\
R

15Q
2Q
10Q
[
1.5V, 15V,
rQ rQ
@ 15Q (1) 05Q () 1Q doQ

3. In the figure shown, what is the current (in ampere) drawn
from the battery? You are given :
R =15Q, R, =10Q, R;=20Q, R,=5Q, R;=25Q,
R;=30Q,E=15V (2019 Main, 8 April 11)

R6 R5
(a) 13/24 (b) 7/18
(c) 20/3 (d) 9/32



. For the circuit shown with R, =1.0Q, R, =2.0Q, E;, =2V

and £, =E; =4 V, the potential difference between the
points a and b is approximately (in volt) (2019 Main, 8 April 1)

(a) 2.7 (b) 2.3 (c) 3.7 (d) 3.3
. In the circuit shown, the potential difference between A4 and
Bis (2019 Main, 11 Jan II)
10 I\
M
5Q 10 2V 10Q
ATV W I C ’\/\/\/\/\/\/-EO;
10 3V
|—
(a 3V (b) 1V (c) 6V (d 2V

. In a Wheatstone bridge (see figure), resistances P and Q are

approximately equal. When R =400Q, the bridge is
balanced. On interchanging P and Q , the value of R for

balance is 405Q. The value of X is close to
(2019 Main, 11 Jan I)

(a) 404.5Q (b) 401.5Q
(c) 402.5Q (d) 403.5Q
. In the given circuit diagram, the currents /; = —0.3 A,

I, =08Aand /s =04 A, are

flowing as shown. The currents /,, /5 and / respectively, are
(2019 Main, 10 Jan 1)

lg

MWW

ls I
AN
R

Iy
(a) 1.1A,04A,04A (b) L.1 A, - 04 A0.4A
() 0.4A, 1.1A,04A (d)-04A04A,11A

. In the given circuit, the cells have zero internal resistance.
The currents (in Ampere) passing through resistances R, and
R, respectively are (2019 Main, 10 Jan )

10.

11.

12
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%gmg %gmg

0V 10V
(a) 0.5,0 () 1,2
© 2,2 @) 0,1

In the given circuit, the internal resistance of the 18 V cell is
negligible. If R, =400 Q, R; =100 Q and R, = 500 Q and
the reading of an ideal voltmeter across R, is 5 V, then the
value of R, will be (2019 Main, 9 Jan 1)

Ry R,
R R,
AN A%
|1
| I
18V
(a) 550Q (b) 230Q
(c) 300Q (d) 450 Q

When the switch S in the circuit shown is closed, then the
value of current ; will be (2019 Main, 9 Jan I)

20V /iy C o 10V
A 20 40 B
!
20
l S
L V=0
(a) 4A (b) 3A
(©) 2A (d) 5A

Two batteries with emf 12 V and 13 V are connected in
parallel across a load resistor of 10Q. The internal
resistances of the two batteries are 1 Q and 2 Q, respectively.
The voltage across the load lies between

(a)ll.7Vand 11.8V (b)11.6 Vand 11.7V
(¢)l1.5Vand11.6V (d114Vandl1l5V

In the below circuit, the current in each resistance is

(2017 Main)
2v 2V 2v
| [y [y
I \ I \ I
1Q 1Q 1Q
—— I
2V 2V 2V
(2)0.25 A (b)0.5A
(©0A (1A
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13. In the circuit shown below, the current in the 1Q resistor is

6v
p 20
1Q v

3Q Q 39

(a) 1.3 A, from Pto Q (b) 0.13 A, from Q to P
(c)0A (d)0.13 A, from Pto Q

Find out the value of current through 2 Q resistance for the
(2005, 2M)

TZOV

()5 A (b)2 A d)4A

In the given circuit, it is observed that the current [ is

independent of the value of the resistance R;. Then, the

resistance values must satisfy (2001, 2M)
RS

(2015 Main)

14.

given circuit.

10V 50
T 2Q

VWV

10Q

19.

(c) zero

15.

() RiRyR5 = R3R R
1 1 1 1

(b)——+——= +

R, R, R +R, R;+R,
(¢) RiRy = RyR;
(d) RiR3 = RyR,
In the circuit shown P # R, the reading of galvanometer is
(1999, 2M)

16.

same with switch S open or closed. Then

@Ig =1z O p=I (lg=1I (d)Ip=1I

17. In the circuit shown in the figure, the current through
(1998, 2M)

18.

21.

(a) the 3 Q resistor is 0.50 A
(b) the 3 Q resistor is 0.25 A
(c) the 4 Q resistor is 0.50 A
(d) the 4 Q resistor is 0.25 A
A battery of internal resistance 4 Q is connected to the

network of resistances as shown in figure. In order that the
maximum power can be delivered to the network, the value of

R in Q should be (1995, 2M)
4 8

a) — b) 2 c)— d) 18

(a) 9 (b) () 3 (d)

The current i in the circuit (see figure) is (1983, 1M)

300Q

1 1 1 1

a)— A b) — A c)—A d-A

()45 ()15 ()10 ()5

Objective Questions II (One or more correct option)
20.

In the circuit shown below, the key is pressed at time ¢ = 0.

Which of the following statement(s) is (are) true? (2016 Adv.)

(a) The voltmeter display —5V as soon as the key is pressed
and displays +5V after a long time

(b) The voltmeter will display 0 V at time ¢ = In 2 seconds

(¢) The current in the ammeter becomes 1/e of the initial value
after 1 second

(d) The current in the ammeter becomes zero after a long time

For the resistance network shown in the figure, choose the
correct option(s). (2012)

pl2Q g
2Q




(a) The current through PQ is zero

(b) I, =3A
(c) The potential at S is less than that at Q
(d 1,=2A

Integer Answer Type Questions

22. In the following circuit, the current through the resistor

R(=2Q)is I amperes. The value of / is (2015 Adv.)
R(=2Q) 10
2Q 8Q
$60 2Q
4Q 1
6.5V — 10Q
120 40

23. Two batteries of different emfs and different internal
resistances are connected as shown. The voltage across 4B in

volt is (2011)
6V 10
-
A B
O—
-
3V 2Q
Fill in the Blanks

24. 1n the circuit shown below, each battery is 5 V and has an
internal resistance of 0.2 Q. (1997, 2M)

| |1 |1
F{ 1 il

| | XT

[ I

1
The reading in the ideal voltmeter Vis ...... V.

Anlytical & Descriptive Questions

25. Find the emf (¥) and internal resistance () of a single battery
which is equivalent to a parallel combination of two batteries of
emfs /; and V, and internal resistances 4 and #respectively,
with polarities as shown in figure (1997C, 5M)

Iy v
+ ’ -
A B
I V1

26. An electrical circuit is shown in figure. Calculate the
potential difference across the resistor of 400 Q as will be
measured by the voltmeter ¥ of resistance 400 Q either by
applying Kirchhoff’s rules or otherwise. (1996, 5M)

Current Electricity 395

v\
V)
400 Q
Jo0Q | 100Q 200 Q
2] 4 1000
I
) Mov

27. An infinite ladder network of resistances is constructed with
1 Q and 2 Q resistances, as shown in figure.

A 1Q 10 1Q 1Q
6V —( 2Q 2Q 2Q 2Q
B
The 6 V battery between 4 and B has negligible internal
resistance. (1987, 7M)

(a) Show that the effective resistance between 4 and Bis 2Q.
(b) What is the current that passes through the 2 Q resistance
nearest to the battery?

28. Inthe circuit shown in figure E, F, G, H are cells of emf2, 1,
3 and 1 V respectively, and their internal resistances are 2, 1,
3 and 1 Q respectively.

Calculate (1984, 4M)
A II £ B
1 29 1H
o =
D 5 | c

(a) the potential difference between B and D and

(b) the potential difference across the terminals of each cells
G and H.

29. In the circuit shown in figure £, =3V, E, =2V,
Ey=1VandR =5 =5 =1 =1Q.

ry

(1981, 6M)

(a) Find the potential difference between the points 4 and B
and the currents through each branch.

(b) If # is short-circuited and the point 4 is connected to
point B, find the currents through E;, E,, E; and the
resistor R.
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Topic3 Heatand Power Generation

Objective Questions I (Only one correct option)

1.

One kilogram of water at 20°C is heated in an electric kettle
whose heating element has a mean (temperature averaged)
resistance of 20 Q. The rms voltage in the mains is 200 V.
Ignoring heat loss from the kettle, time taken for water to
evaporate fully, is close to

[Specific heat of water = 4200 J/(kg°C), Latent heat of water
=2260 kJ/kg] (2019 Main, 12 April I1)
(a) 16 min  (b) 22 min (d) 10 min

The resistive network shown below is connected to a DC
source of 16 V. The power consumed by the network is 4 W.
The value of R is (2019 Main, 12 April I)

(¢) 3 min

4R 6R
R R
L ]
4R 12R
I
E=16V
(@) 6Q (b) 8Q ) 1Q ) 16Q

A cell of internal resistance rdrives current through an external
resistance R. The power delivered by the cell to the external
resistance will be maximum when (8 April 2019, 1)
(@ R=2r (b)R=r (¢) R =00017 (d) R =1000r~r

Two electric bulbs rated at 25 W, 220 V and 100 W, 220 V are
connected in series across a 220 V voltage source. If the 25 W
and 100 W bulbs draw powers A and P, respectively, then
(2019 Main, 12 Jan I)
(P =16W,P, =4 W b)), =4W,P, =16 W
()R =9W,P, =16 W (P =16W,P,=9W

Two equal resistances when connected in series to a battery
consume electric power of 60 W. If these resistances are now
connected in parallel combination to the same battery, the
electric power consumed will be (2019 Main, 11 Jan 1)
(a) 60 W (b)30 W (c)240W  (d) 120 W

A current of 2 mA was passed through an unknown resistor
which dissipated a power of 4.4 W. Dissipated power when

an ideal power supply of 11 V is connected across it is
(2019 Main, 10 Jan I1)

(b) 11x107° W
(d) 11x10° W

(@) 11x107* W
(c) 11x10° W
Two bars of radius » and 2r are kept in contact as shown. An

electric current 7 is passed through the bars. Which one of
following is correct ? (2006, 3M)

«— 12—

10.

1.

(a) Heat produced in bar BC is 4 times the heat produced in
bar AB

(b) Electric field in both halves is equal
(c) Current density across 4B is double that of across BC
(d) Potential difference across 4B is 4 times that of across BC

The three resistances of equal value are arranged in the
different combinations shown below. Arrange them in

increasing order of power dissipation (2003, 2Mm)
—VWWA—WWWW\—
i
DTV WA W, —
[ i
v"v"v’\i'iv"v
—_—T W EAAMMAA—
! i
11 v
(@I <I<IV<I (L) I<MI<IV<I
() I<IV<II<II (I<MI<I<IV

A 100 W bulb B;, and two 60 W bulbs B, and Bj;, are
connected to a 250 V source, as shown in the figure. Now
W, W, and Wj are the output powers of the bulbs B, , B, and
Bj respectively. Then, (2002, 2M)

@ Wy > W, =W; (b) Wy > Wy > W;
()W, <Wy =W (d) Wy < W, <W;

A wire of length L and 3 identical cells of negligible internal
resistances are connected in series. Due to the current, the
temperature of the wire is raised by AT in a time z. A number
N of similar cells is now connected in series with a wire of the
same material and cross-section but of length 2L. The
temperature of the wire is raised by the same amount AT in
the same time. The value of N is (2001, 2M)
(a)4 (b) 6 (c)8 (d)9

In the circuit shown in figure the heat produced in the 5 Q
resistor due to the current flowing through it is 10 cal/s.

(1981, 2M)
4Q 6Q
>
5Q
The heat generated in the 4 Q resistor is
(a) 1 cal/s (b) 2 cal/s (c) 3 cal/s (d) 4 cal/s



Objective Questions IT (One or more correct option)

12. An incandescent bulb has a thin filament of tungsten that is

heated to high temperature by passing an electric current.
The hot filament emits black-body radiation. The filament is
observed to break up at random locations after a sufficiently
long time of operation due to non-uniform evaporation of
tungsten from the filament. If the bulb is powered at constant

voltage, which of the following statement(s) is (are) true?
(2016 Adv.)

(a) The temperature distribution over the filament is uniform.

(b) The resistance over small sections of the filament
decreases with time.

(c) The filament emits more light at higher band of
frequencies before it breaks up.

(d) The filament consumes less electrical power towards the
end of the life of the bulb.

13. For the circuit shown in the figure (2009)
2ka ¥R,
I
gy AL 6 kQ R, RLE15kQ

Topic4 Electrical Instruments

Objective Questions I (Only one correct option)

. In a meter bridge experiment, the circuit diagram and the
corresponding observation table are shown in figure

(2019 Main, 10 April I)
box

X

Unknown
resistance

E K
S. No. R (Q) [ (cm)
1. 1000 60
2. 100 13
3. 10 1.5
4. 1 1.0
Which of the readings is inconsistent?
(@) 3 (b) 2
(0) 1 (d) 4
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(a) the current / through the battery is 7.5 mA

(b) the potential difference across R; is 18 V

(c) ratio of powers dissipated in R, and R, is 3

(d) if R, and R, are interchanged, magnitude of the power
dissipated in R; will decrease by a factor of 9

Fill in the Blank
14. An electric bulb rated for 500 W at 100 V is used in a circuit

having a 200 V supply. The resistance R that must be put in
series with the bulb, so that the bulb delivers 500 W is
...... Q. (1987, 2M)

Analytical & Descriptive Question
15. A heater is designed to operate with a power of 1000 W in a

100 V line. It is connected in combination with a resistance of

10 Q and a resistance R, to a 100 V mains as shown in the

figure. What will be the value of R so that the heater operates

with a power of 62.5 W ? (1978)
10Q B

—Wwwi—— Heater |

—o 100V e————

In the circuit shown, a four-wire potentiometer is made of a
400 cm long wire, which extends between 4 and B. The
resistance per unit length of the potentiometer wire is » = 0.01
Q/cm. If an ideal voltmeter is connected as shown with
jockey J at 50 cm from end A, the expected reading of the

voltmeter will be
(2019 Main, 8 April I1)

15V, 15V,
05Q05Q
.Hl A J
' [ 50 cm g

—

B «—100 cmn—>
(@) 020V (b) 0.75V  (¢c) 0.25V  (d) 0.50V

—_
AAAA
VWWy

. A galvanometer whose resistance is 50 Q, has 25 divisions in

it. When a current of 4 x 10™* A passes through it, its needle

(pointer) deflects by one division. To use this galvanometer
as a voltmeter of range 2.5 V, it should be connected to a
resistance of (Main 2019, 12 Jan II)
(a) 250 Q  (b) 6200Q (c) 200Q  (d) 6250 Q
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4. Tnameter bridge, the wire of length 1m has a non-uniform

. ... dR .. .
cross-section such that the variation E of its resistance R

with length /is ar g L
dl 1
Two equal resistance are connected as shown in the
figure. The galvanometer has zero deflection when the
jockey is at point P. What is the length AP?
(2019 Main, 12 Jan I)
(a)0.3m )025m (¢)02m (d)0.35m

5. Anideal battery of 4 V and resistance R are connected
in series in the primary circuit of a potentiometer of
length 1 m and resistance 5 Q. The value of R to give a
potential difference of 5 mV across 10 cm of
potentiometer wire is (2019 Main, 12 Jan 1)
(a)395Q (b) 495 Q (c) 490 Q (d) 480 Q

6. The galvanometer deflection, when key K| is closed but

K, is open equals 8, (see figure). On closing K 4 also and
adjusting R, to 5Q, the deflection in galvanometer

becomes ?0. The resistance of the galvanometer is given

by (neglect the internal resistance of battery) :
(Main 2019, 12 Jan I)

(a) 22Q (c) 25Q (d)12Q

7. In the experimental set up of meter bridge shown in the
figure, the null point is obtained at a distance of 40 cm
from A. If a 10 Q resistor is connected in series with R,
the null point shifts by 10 cm.

(b) 5Q

The resistance that should be connected in parallel with
(R, +10) Q such that the null point shifts back to its
initial position is (Main 2019, 11 Jan 1)

RW RZ
A B
|| ()
I' \
(@) 60Q (b)) 20Q  (c)30Q  (d) 40Q

8. A galvanometer having a resistance of 20 Q and 30

divisions on both sides has figure of merit 0.005
ampere/division. The resistance that should be connected
in series such that it can be used as a voltmeter upto 15 volt
is (2019 Main, 11 Jan I1)
(a) 100Q (b) 125Q  (c) 120Q (d) 80Q

9.

10.

11.

12,

13.

The resistance of the meter bridge 4B in given figure is 4 Q.

With a cell of emf € = 0.5 V and rheostat resistance R, = 2Q.

The null point is obtained at some point J. When the cell is

replaced by another one of emf € = €,, the same null point J is

found for R, = 6Q. The emf'¢, is (2019 Main, 11 Jan I)
€

6V Rh
(@ 0.6V (b)) 03V  (c) 0.5V (d) 04V

A potentiometer wire AB having length L and resistance 127 is

joined to a cell D of EMF € and internal resistance . A cell C

. € . . .
having emf 5 and internal resistance 37is connected. The length

AJ at which the galvanometer as shown in figure shows no
deflection is (2019 Main, 10 Jan )

«

5 11
@ L ) L

13 11
© ;1 @ L

On interchanging the resistances, the balance point of a meter
bridge shifts to the left by 10 cm. The resistance of their series
combination is 1 kQ. How much was the resistance on the left

slot before interchanging the resistances? (2018 Main)
(a) 990 Q (b) 910 Q
(c) 900 Q (d) 550 Q

In a potentiometer experiment, it is found that no current passes
through the galvanometer when the terminals of the cell are
connected across 52 cm of the potentiometer wire. If the cell is
shunted by a resistance of 5 Q, a balance is found when the cell
is connected across 40 cm of the wire. Find the internal

resistance of the cell. (2018 Main)
(2)1Q ®)2Q
©)15Q (d)25Q

When a current of 5 mA is passed through a galvanometer
having a coil of resistance 15 Q, it shows full scale deflection.
The value of the resistance to be put in series with the
galvanometer to convert it into a voltmeter of range 0-10 V is
(2017 Main)
(b)2535%10° Q

(d) 1985 x 10° Q

(a) 2045 % 10° Q
(c) 4.005 % 10° Q



14.

15.

16.

17.

18.

A galvanometer having a coil resistance of 100 Q gives a full
scale deflection when a current of 1 mA is passed through it.
The value of the resistance which can convert this
galvanometer into ammeter giving a full scale deflection for
a current of 10 A, is (2016 Main)
(0.01Q ®2Q ()0.1Q (d)3Q

During an experiment with a meter bridge, the galvanometer
shows a null point when the jockey is pressed at 40.0 cm
using a standard resistance of 90 Q, as show in the scale used

in the meter bridge is 1 mm. The unknown resistance is
(2014 Adv.)

(a) 60+ 0.15Q (b) 135+ 0.56 Q
(c) 60+ 0.25Q (d)135+023Q

A meter bridge is set-up as shown in figure, to determine an
unknown resistance X using a standard 10 Q resistor. The
galvanometer shows null point when tapping-key is at 52 cm
mark. The end-corrections are 1 cm and 2 cm respectively for
the ends 4 and B. The determined value of X is (2011)

e

O] [

A /é B
(e,

@102Q (1)106Q ()108Q (d)11.1Q

To verify Ohm’s law, a student is provided with a test resistor
R, a high resistance R;, a small resistance R,, two identical
galvanometers G, and G,, and a variable voltage source V.
The correct circuit to carry out the experiment is (2010)
% G [Govwwwmn—
5 5
Rt R4 Rt Ro
(@) (b)
o
v

o}
e
S
ol

(©) Ro

Ty

Ty

A resistance of 2Q is connected across one gap of a
meter-bridge (the length of the wire is 100 cm) and an
unknown resistance, greater than 2 Q, is connected across
the other gap. When these resistances are interchanged, the

19.

20.

21.

22,
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balance point shifts by 20 cm. Neglecting any corrections,
the unknown resistance is (2007, 3M)
(a 3Q (b) 4Q () 5Q (d) 6Q

A moving coil galvanometer of resistance 100 Q is used as
an ammeter using a resistance 0.1 Q. The maximum
deflection current in the galvanometer is 100 pA. Find the
current in the circuit, so that the ammeter shows maximum

deflection. (2005, 2M)
(a) 100.1 mA (b) 1000.1 mA
(¢) 10.01 mA (d) 1.01 mA

For the post office box arrangement to determine the value of
unknown resistance, the unknown resistance should be
connected between (2004, 2M)

C D
O 0 & 0 O @]

A \

810/: :\oc1
(@) Band C (b) Cand D
(c)A and D (d) B, and C|

In the shown arrangement of the experiment of the meter

bridge if AC corresponding to null deflection of
galvanometer is x, what would be its value if the radius of the
wire 4B is doubled ? (2003, S)

[

\ ] F

R; Ro
A \E B
f——x —iC
(a)x (b) x/4
(c) 4x (d) 2x
Which of the following set-up can be used to verify Ohm’s
law ? (2003, 2M)
(2) % % % (b)
(© % % (d)
O % ® |
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Assertion and Reason

Mark your answer as

23.

24,

(a) If Statement I is true, Statement 11 is true; Statement 11
is the correct explanation for Statement [

(b) If Statement I is true, Statement 1 is true; Statement 11
is not a correct explanation for Statement I

(c) If Statement I is true; Statement 11 is false

(d) If Statement I is false; Statement II is true

This question has Statement I and Statement II. Of the
four choices given after the statements, choose the one
that best describes the two statements. (2013 Main)

Statement I Higher the range, greater is the resistance

of ammeter.

Statement II To increase the range of ammeter,
additional shunt needs to be used across it.

Statement I In a meter bridge experiment, null point
for an unknown resistance is measured. Now, the
unknown resistance is put inside an enclosure maintained
at a higher temperature. The null point can be obtained at
the same point as before by decreasing the value of the
standard resistance.

Statement II
increase in temperature.

Resistance of a metal increases with
(2008, 3M)

Objective Questions II
(One or more correct option)

25.

26.

Consider two identical galvanometers and two identical

resistors with resistance R. If the internal resistance of the

galvanometers R, < R/2, which of the following

statement(s) about anyone of the galvanometers is (are)

true? (2016 Adv.)

(a) The maximum voltage range is obtained when all the
components are connected in series

(b) The maximum voltage range is obtained when the two
resistors and one galvanometer are connected in
series, and the second galvanometer is connected in
parallel to the first galvanometer

(c) The maximum current range is obtained when all the
components are connected in parallel

(d) The maximum current range is obtained when the two
galvanometers are connected in series, and the
combination is connected in parallel with both the
resistors

A microammeter has a resistance of 100 Q and full scale
range of SO A. It can be used as a voltmeter or as a higher
range ammeter provided a resistance is added to it. Pick

the correct range and resistance combination (s)
(1991, 2M)

(a) 50 V range with 10 k Q resistance in series
(b) 10 V range with 200 k Q resistance in series
(c) 5 mA range with 1 Q resistance in parallel
(d) 10 mA range with 1 Q resistance in parallel

Integer Answer Type Question

27.

A galvanometer gives full scale deflection with 0.006 A current.
By connecting it to a 4990 Q resistance, it can be converted into a

voltmeter of range 0-30 V. If connected to a % Q resistance, it

becomes an ammeter of range 0-1.5 A. The value of n is
(2014 Adv.)

Analytical & Descriptive Questions

28.

29.

30.

31.

32.

R,, R,, Ry are different values of R. 4, B, C are the null points

obtained corresponding to R, , R, and R respectively. For which

resistor, the value of X will be the most accurate and why?
(2005, 2M)

X

5

A B C

I
ik

Draw the circuit for experimental verification of Ohm’s law using
a source of variable DC voltage, a main resistance of 100 Q, two
galvanometers and two resistances of values 10° Q and 10 Q

respectively. Clearly show the positions of the voltmeter and the
ammeter. (2004, 4m)

Show by diagram, how can we use a rheostat as the potential
divider ? (2003, 2M)

A thin uniform wire 4B of length 1 m, an unknown resistance X
and a resistance of 12 Q are connected by thick conducting strips,
as shown in the figure. A battery and galvanometer (with a sliding
jockey connected to it are also available). Connections are to be
made to measure the unknown resistance X using the principle of
Wheatstone bridge. Answer the following questions. (2002, 5M)

i ANV e BN
o] Fo]—w
A B [ D
(a) Are there positive and negative terminals on the
galvanometer?

(b) Copy the figure in your answer book and show the battery
and the galvanometer (with jockey) connected at appropriate
points.

(c) After appropriate connections are made, it is found that no
deflection takes place in the galvanometer when the sliding
jockey touches the wire at a distance of 60 cm from 4. Obtain
the value of the resistance X.

Two resistors, 400 Q and 800 Q are connected in series witha 6 V
battery. It is desired to measure the current in the circuit. An
ammeter of 10 Q resistance is used for this purpose. What will be
the reading in the ammeter ? Similarly, if a voltmeter of 1000 Q
resistance is used to measure the potential difference across the

400 Q resistor, what will be the reading in the voltmeter ?
(1982, 6M)



Topic5 Miscellaneous Problems

Objective Questions I (Only one correct option)

1.

A 200 Q resistor has a certain colour code. If one replaces the

red colour by green in the code, the new resistance will be
(2019 Main, 8 April I)

(a) 100 Q (b) 400 Q

(c) 300 Q (d) 500 Q

The Wheatstone bridge shown in figure here, gets balanced
when the carbon resistor is used as R; has the color code
(orange, red, brown). The resistors R, and R, are 80 Q and 40
Q, respectively.

Assuming that the color code for the carbon resistors gives
their accurate values, the color code for the carbon resistor is
used as Ry would be (2019 Main, 10 Jan II)

Ry

(a) brown, blue, black
(c) grey, black, brown

(b) brown, blue, brown
(d) red, green, brown
The actual value of resistance R , shown in the figure is 30 Q.

This is measured in an experiment as shown using the

standard formula R = K, where ) and [ are the readings of the

voltmeter and ammeter, respectively. If the measured value

of R 18 5% less, then the internal resistance of the voltmeter is
(2019 Main, 10 Jan II))

(a) 600 Q (b) 570 Q
(c)350Q (d)35Q

A 2 W carbon resistor is color coded with green, black, red
and brown respectively. The maximum current which can be
passed through this resistor is (2019 Main, 10 Jan 1)
(a) 0.4mA (b) 63 mA

(c) 20 mA (d) 100 mA

A resistance is shown in the figure. Its value and tolerance
are given respectively by (2019 Main, 9 April 1)

Red Orange

Silver
(b) 27k Q, 20%
(d) 270k Q, 10%

Violet
(a) 270 Q, 5%
(c) 27k Q, 10%

10.

11.

Current Electricity 401

A carbon resistance has a following color code. What is the
value of the resistance?

HGIOIYI Golden

(a) 53MQ + 5% (b) 64 kQ +10%
(c) 64 MQ * 5% (d) 530kQ * 5%

Which of the following statements is false? (2017 Main)

(a) In a balanced Wheatstone bridge, if the cell and the
galvanometer are exchanged, the null point is disturbed

(b) A rheostat can be used as a potential divider

(¢) Kirchhoff’s second law represents energy conservation

(d) Wheatstone bridge is the most sensitive when all the four
resistances are of the same order of magnitude

In a large building, there are 15 bulbs of 40 W, 5 bulbs of
100 W, 5 fans of 80 W and 1 heater of 1 kW. The voltage of
the electric mains is 220 V. The minimum capacity of the
main fuse of the building will be (2014 Main)
(a) 8A (b) 10 A (c) 12A (d 14A

The supply voltage in a room is 120 V. The resistance of the
lead wires is 6 Q. A 60 W bulb is already switched on. What
is the decrease of voltage across the bulb, when a 240 W

heater is switched on in parallel to the bulb? (2013 Main)
(a) zero )29V
() 133V (d) 104V

Incandescent bulbs are designed by keeping in mind that the
resistance of their filament increases with the increase in
temperature. If at room temperature, 100 W, 60 W and 40 W

bulbs have filament resistances Ry, Rq and Ry,
respectively, the relation between these resistances is (2010)
1 1 1
(@ —=—+— (b) Rigg = Ryg + Reo
Rigg Ra  Reo
(©) Ripy > Re > R @ > 51
100 = £L60 = L2490 > o5 5
Rigg  Rgo Ry

Figure shows three resistor configurations R;, R, and R;

connected to 3 V battery. If the power dissipated by the
configuration R, R, and R; is P, P, and P;, respectively,
(2008, 3M)

then

(@) P> P >Py
©h>A>P

(b) > P> P
) P,>P,> P,
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A rigid container with thermally insulated walls contains a
coil of resistance 100 Q, carrying current 1 A. Change in
internal energy after 5 min will be (2005, 2M)
(a) zero (b) 10 kJ (c)20kJ (d)30kJ

Objective Question II (One or more correct option)

13.

When a potential difference is applied across, the current
passing through (1999, 3M)
(a) an insulator at 0 K is zero

(b) a semiconductor at 0 K is zero

(c) ametal at 0 K is finite

(d) a p-n diode at 300 K is finite, if it is reverse biased

Value Based Type Question

14.

A moving coil galvanometer has 50 turns and each turn has an
area 2 x 10”*m?. The magnetic field produced by the magnet
inside the galvanometer is 0.02 T. The torsional constant of
the suspension wire is 10 *N-mrad™". When a current
flows through the galvanometer, a full scale deflection
occurs, if the coil rotates by 0.2 rad. The resistance of the coil
of the  galvanometer is 50 Q. This galvanometer is to be
converted into an ammeter capable of measuring current in
the range 0 — 1.0 A. For this purpose, a shunt resistance is to be

Integer Answer Type Questions

15.

When two identical batteries of internal resistance 1 Q each
are connected in series across a resistor R, the rate of heat
produced in R is J;. When the same batteries are connected in
parallel across R, the rate is J,. If J; = 2.25/, then the value
of Rin Q is (2010)

Analytical & Desrcriptive Questions

16.

17.

18.

A steady current passes through a cylindrical conductor. Is
there an electric field inside the conductor? (1982q, 2M)

A copper wire having cross-sectional area of 0.5 mm?” and a
length of 0.1 m is initially at 25°C and is thermally insulated
from the surrounding. If a current of 1.0 A is set up in this
wire, (a) find the time in which the wire will start melting.
The change of resistance with the temperature of the wire
may be neglected. (b) What will this time be, if the length of
the wire is doubled ? (1979)

Melting point of copper =1075°C, Specific resistance of
copper = 1.6 x 10™® Qm, Density of copper = 9 x 10* kg/m>,
Specific heat of copper = 9 x 1072 cal/kg°C

A 25 W and a 100 W bulb are joined in series and connected

to the mains. Which bulb will glow brighter ? (1979)
added in parallel to the galvanometer. The value of this shunt
resistance in ohms, is ............. .
Answers
Topic 1 Topic 3
1. (b) 2. (¢) 3.(c) 4, (d) 1. (b) 2. (b) 3. (b) 4, (a)
5. (d) 6. (b) 7. (a) 8.(d) 5. (c) 6. (b) 7. (a) 8. (a)
9. (b) 10. (¢) 11. (a) 9. (d) 10. (b) 11. (b) 12. (c, d)
12. (b) 13. () 14. () 15. (a) 13.(a,d)  14.20Q 15.5Q
16. (a) 17. (d) 18. (¢) 19. (d) .
20. R/2 21 T 22.F 23.20 Topic 4
24. R 25. 0.2% increase L@ 2. 3. 4. (b)
5. (a) 6. (a) 7. (a) 8. (d)
Topic 2 9. (b) 10. (c) 11. (d) 12. (c)
1. (a) 2. (b) 3.(d) 4. (d) 13. (d) 14. (a) 15. (c) 16. (b)
5. (d) 6. () 7. (a) 8. (a) 17. () 18. (a) 19. (a) 20. (c)
9. (c) 10. (d) 11. () 21. (a) 22. (a) 23. (d) 24. (d)
12. () 13. (b) 14. (¢ 15. () 25. (a,c ) 26. (b, ¢) 27.5
16. (a) 17. (d) 18. (b) 19. (c) 28. B is most accurate answer
20. (a,b,c,d) 21.(a,b,c,d) 22.1 31. () No (c) 8 Q
23.5 - ?/; zere - 32.4.96 mA, 1.58 V
25.V— r1+r2 ,r_r1+r2 TOpIC5
20 1. (d) 2. (b) 3. (b) 4. (¢
6.5V 21.(b)15A 5. (0) 6. (d) 7. (a) 8. (0)
) 51 19 9. (d) 10. (d) 11. (c) 12. (d)
28. (a) 5V (b) V5V 13.(a, b, d) 14.(5.55) 15. (4)
16. Yes 17.(a) 55.5s (b)55.5s 18. 25 W bulb

29.(a)2 V, 1A,0,— 1A (b) 1A, 2A, - 1A, 2A



Hints & Solutions

Topic1 Equivalent Resistanée, Drift
Velocity, Resistivity and
Conductivity

1. Key Idea Resistance between surface of inner shell and a
circumferential point of outer shell can be formed by finding
resistance of a thin (differentially thin) shell in between these
two shells. Then, this result can be integrated (summed up) to
get resistance of the complete arrangement.

For an elemental shell of radius x and thickness df,

Resistance, dR = pi
A
O dR =p de
4TI¢
So, resistance of complete arrangement is
b b dx P b
R=[dR = =— d.
L L p4T[x2 4TJax x

- [fj
o =i -5R
s H o amt 0
2. Given, I =5A,
Pp=1.7%10" Q-m,
r=5mm=5x10"m,
v, = L1x107 m/s
Mobility of charges in a conductor is given by

u:%” .. ()

and resistivity is given by

:E: £ ('.'J:O'E:lXE)
J 14 p
EA
O =
P 1
or _pL ... (i)

From Egs. (i) and (ii), we get
v, A
n=—4
pl
Substituting the given values, we get

CLIx107 x 1T x (5 x107 )

17x107% x5
-9
=8635X19 _101x107 Du= 1m?/V-s
85x10
3. From the given graph,
ATy ..
In R(T) \
\\\\1/7—02
17 ——
We can say that, InR (7') O+ T—IZ
Negative sign implies that the slope of the graph is
negative.
or In R(T") = constant %%@
0 InR(T) = exp (corist.)
o 0L
0o 720
o In R(T)= R, exp O 20
o rd
Alternate Solution
From graph,
1
72, R
1 mR(T)
T,
O r20
U In R (T)=[In R(Ty)1CH - -%0
B T8
- 720
or R(T) = Ryexp3—2-0
or° o

4, Initial resistance of wire is 3 Q. Let its length is / and area
is 4.

Then, Riisal = pé =3Q (D)
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When wire is stretched twice its length, then its area
becomes A4, on equating volume, we have

In steady state, capacitor will acts as open circuit and
circuit can be reduced as

A e \
Al=A421 0 A'=— 6Q L 2Q |
A AW !
So, after stretching, resistance of wire will be 1””; 1
. I l , , 7V 403 | 1003 |
R'=Rgpy =p— = 4p—=12Q [using Eq. (1)] 9 ! :
A A | ;
Now, this wire is made into a circle and connected across R
two points 4 and B (making 60° angle at centre) as In series, R,, =2Q +10Q =12Q
R, ]
6Q
WV : :
7oV = 7740 12Q
_4x12 _
Now, above arrangement is a combination of two In parallel, R, = 4+12 30
resistances in parallel, C
X r
l:60 R :lXIZZZQ
360 6 I gg/\zf
and R, = @xR’—éxu:loQ L ,‘
360 6 7oV — 3 3Q 3
Since, R, and R, are connected in parallel R B |
So. R, = Rl _10x2_5, .
R + R2 12 3 In series, Ry, = 6Q +3Q =9Q
C . . Q
Resistivity of a conductor is A%vw
m .
= .. (@ 1
where,m, = mass of electron = 9.1 x 10™ ' kg, W\ I ; VWV
n = free charge density = 8.5 x 10 m™ 3,
T = mean free time = 25 fs =25 x 10" g So, current in steady state, / = % = 7—92 =8A

and e = charge of electron = 1.6 x 107" C

Substituting values in Eq. (i), we get

_ 91x 10”3
85x% 10 x (L6 x1071)? x25 x1071°
-6
_ X107 66 x10°°
8.5 x 2.56 25

=1.6x10° ¥ Q-m=10"% Q-m
Given circuit is

6Q 2Q

7V 40 100 = 10pF

To find charge on capacitor, we need to determine voltage
across it.

Now, by using current division, at point P, current in 6 Q
branch is
72-Vp
6Q
O Vp=72-48=24V
8A GQ

=8A

2Q
AW Q

P
7oV = % 10Q g = 10pF

\/O

Current in 4 Q branch is,

1-2:VP—0:24—0:6Q
4 4
So, current in 2 Q resistance is
I, =8-1, [w1=1+1,]

=8-6=2A



[J Potential difference across 10Q resistor is
Voo =2Ax10Q =20V

Same potential difference will be applicable over the

capacitor (parallel combination).

So, charge stored in the capacitor will be
0=CV=10x10"° %20

0 0=2x10"*C=200uC

. Let the length of each side of square ABCD is a.

0 Resistance per unit length of each side = ES

4a
A B
|
Ry
i
D F—R——C
Now, R =REc)=R x4 =R
4a 4a 2 8
Similarly, R, =~ [EDABC]= R x4 =TR
4a 4a 2 8

Now, effective resistance between E and C is the

equivalent resistance of R; and R, that are connected in

parallel as shown below.
Ry

Ry
RR, _(R/8)x(TR/8)
R +R, (R/8)+(7R/8)
2
_IR 8 T,

REC -

64 B8R 64
. Resistance of each arm of equilateral triangle will be
R= 18 6Q
3

So we have following combination will be

6Q 6Q

A 60 B
Equivalent resistance is
_12x6_12%x6 _

= = 40Q
12+ 6 18

O R,z

Current Electricity 405

9. Electrical resistance of wire of length ‘/°, area of

10.

11.

cross-section ‘4’ and resistivity ‘p’ is given as

l .
R=p— (1
P (1)
Since we know, volume of the wire is
V =A4xI ...(i1)
0 From Egs. (i) and (ii), we get
I
R =p— LG
P (iii)

As, the length has been increased to 0.5%.
0 New length of the wire,
I'=1+ 0.5% of ]
=[+0.005/=1.0051
But/ and p remains unchanged.

2
So, new resistance, R' = M

(iv)

%
Dividing Eq. (iv) and Eq. (iii), we get
R' 9
=(1.005
2 ( )

U % change in the resistance

:QR——@XIOO
R

= [(1.005)% - 1] x 100= 1.0025% = 1%

Since, it is an n-type semiconductor and concentration of the
holes has been ignored. So, its conductivity is given as

0 =neH,
where, n, is the number density of electron, e is the charge
on electron and [, is its mobility.
Substituting the given values, we get

0=10"%1.6x10" ' x1.6=2.56

As, resistivity, p = 11
’ P75 a6
or p=0.39=0.4 Q-m

Relation between current (/) flowing through a conducting
wire and drift velocity of electrons (v, )is given as
1 = nedv,

where, 7 is the electron density and 4 is the area of
cross-section of wire.

1
0 v, = —
7 ned
Substituting the given values, we get
. 1.5
9% 10" x1.6 x107" x5 x107°
-3
p=12X 107 e = 0.2% 107 4 s

72
or y=0.02 mm/s
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12.

13.

14. R

15.

16.

17.

18.

1 _ My AFeDI

RFe Al pFe

Y
_OQr-2)
g 27

Tty
R Ry
2i O 1
IODDlo‘8 50x 107
Solving we get,

R= 1875 x10°6 O= 1875 o)
64 64

SRS

i=nedv; or = nedv,

Vv

or = nedv,

S
S

O p=—

=resistivity of wire
nelv,

Substituting the given values we have
_ 5
(8x10%® (16 x 107 )(0.1)(2.5 x 107
=16x107° Q-m

_p)_

i.e. Risindependent of L.
Hence, the correct option is (c).

5 3
= —rand Rpp =—7
11 11 R

U Rpp is maximum.

Rpg = —r,Rop =

Therefore, the correct option is (a).
The circuit can be redrawn as follows :

2R 2R 2R °R

“ o m )
4R
=> oA
"R 47
oO—MWWW———0
P Q

vo
OO

e Lol
ned A

Therefore, for non-uniform cross-section (different values

of A) drift speed will be different at different sections. Only

current (or rate of flow of charge) will be same.

Drift speed,

Resistivity of conductors increases with increase in
temperature because rate of collisions between free electrons
and ions increase with increase of temperature. However, the

19.

20.

21.

22.

23.

24.

25.

1.

resistivity of semiconductors decreases with increase in
temperature, because more and more covalent bonds are
broken at higher temperatures.

Copper is metal and germanium is semiconductor.
Resistance of a metal decreases and that of a semiconductor
increases with decrease in temperature.
0 Correct option is (d).
All the three resistances are in parallel.

1 1 1 1 _2
Therefore, — = — + +— =
oq 2R 2R R R

R
D Req - 5
I slope of given graph = 1 or R= !
14 R slope

Resistance of a metallic wire increases with increase in
temperature.

(slope), < (slope)y,
1 1
>
(slope)y,  (slope)y,

or Ry, >Ry or T,>T,
Due to thermal energy, free electrons are always in zig-zag
motion inside a conductor.

The given circuit is a simple circuit of series and parallel
combinations. R ,; =2 Q

The given circuit makes a balanced Wheatstone’s bridge.
The resistance between P and Q can be removed. All resistors
have value R.

0 R,z =R
I _pd _pP .
=p—="— =" = volume of wire
P A VIiE TV v )
a ROP (pand V' = constant)

For small percentage change
% change R = 2 (% change in /) = 2 (0.1%) = 02%
Since R [J 12, with increase in the value of /, resistance will

also increase.

Topic 2 Kirchhoffs Laws and Combination

of Batteries
Given circuit in a series combination of internal resistance of
cell (r) and external resistance R.
[ Effective resistance in the circuit,
Rege =1 +R
[ Current in the circuit,

1= orE=IR+1Ir

R+r
Voltage difference across resistance R is V, so
E=V+Ir ...(D)



Now, from graphat 7 =0,V =15V
From Eq. (i) at/ =0,
E=V =15V ...(ii)
At7=1000mA (or1A),V =0
From Eq. (i)at/ =1A and V' =0

O E=Ixr=r ...(iii)
From Egs. (ii) and (iii), we can get

r=E =V =15V
a r=15Q

2. For the given circuit

/I A 15Q B 2Q /
l
10Q

I

15V 15V
Given, Vg =2V
[ Current in circuit,
I=Il+12=£+£ [V =IRorI=V/R]
15 10
4+6_ 1 .
= =-A .. (@
30 3 ®

Also, voltage drop across (7 + r) resistors is

= voltage of the cell — voltage drop across 4B
=3-2=1V

Using V' = IR over the entire circuit

0 121(2+2r):é(2+2r) [using Eq. (1)]
g 3=2+42r or 2r=1Q
or r:1Q =0.5Q

2

Alternative Solution

Equivalent resistance between 4 and B is
L:i-{-i:lm RAB :6Q
R, 10 15 6

U Equivalent resistance of the entire circuit is, R,
=6Q+2Q +2r=8+2r
Now, current passing through the circuit is given as,
PN

R+ 'éq Req
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where, R is external resistance, 7, is net internal resistance

and E; is the emf of the cells.
Here, E o =15+15=3V
Toq =T +T = 2r
O I= 3
8+ 2r

Also, reading of the voltmeter, V = 2V =1 [R

2_D 3 Dx6
E+2}E
O 8+2r=9 or r:%ZO.SQ

. Given circuit is redrawn and can be simplified as

R1=15Q ///?szzog o

, i
| |
> } - } In series,
o+ & |Req = R3+R4+R
— 1 — | | 3 4 5
o TR g G 0045425
w I fol
I I = 50Q
| |
T |
Re=30Q \ Rs=25Q )
R
R{=15Q e >, Inparallel,
|
! p ReqXRo
o+ } g % | * " RegtRo
o =3 (=3 5010
H < | ~50+10
L 50
\ ! ==
Rg=30Q N oo o / 6
O
/k 777777777 ~
I Ri=15Q \
} | In series,
.
o G | R'eq=RitReqtRe
ot Blo! 50
T T =30 +5+15
w | .8 }
I @ 320 160
| =
‘ | =6 32
\ Rg=30Q )
So, current drawn through cell is
;= Voltage
Net resistance of the circuit
|14 15 9
= = - ="A
R's, (160/3) 32
. Given circuit is
1Q a 1Q
WA ——¢ WA
2V — 2Q —_ 4V
T 4V
WA WA
1Q b 1Q
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Above circuit can be viewed as

2v 20
I A
a | b
| | AV
v 29
It AW
4v 2Q

This is a parallel combination of three cells or in other
words, a parallel grouping of three cells with internal
resistances.
E LB LB
lg _ i B 1

In the given circuit, let’s assume currents in the arms are i, i,

and i3, respectively.

i1 1V
M——MWW—]
50 Lo 10 25} 10Q
A MW At AMW—<—eB
, 1o 9V
Y
Now, i SLA N
R 1
. .2
Similarly, i =1 =2A
and iy :%:3A

Total current in the arm DA is

i= i +i, +i; =6A
As all three resistors between D and C are in parallel.
0 Equivalent resistance between terminals D and C is

1 % 1 1@
— =0 +- +-
11

RDC
_1
O Rpc =0

So, potential difference across D and C is
1

Vbe = iRpc :6’(5
O Vpe =2V
Vyup and Vg =0
(In case of open circuits, / =0)
So, Vag =Vap *Vpe *Veg =Vpe
So, Vg =2V

Now,

6.

8.

For a balanced Wheatstone bridge,

P_Q

R X

In first case when R = 400 Q, the balancing equation will
be

P—QD P _0

R X  400Q X
0 p=300x0Q ()
X
In second case, P and Q are interchanged and R = 405 Q
O Q = £
R X
0 9 _F ..(ii)
405 X
Substituting the value of P from Eq. (i) in Eq. (ii), we get
0 _0x400
405  x?
O X? =400 x 405
O X =,/400 x 405 =402.5

The value of X is close to 402.5 Q.

Given circuit with currents as shown in the figure below, [In
the question /; = 0.3 A is given, due to it we change the
direction of /|, in this figure]

lg Q
P o
I3
/5:O.4 A §
I
N B L=03A

1,=0.8 A

From Kirchoff’s junction rule, 2/ = 0

At junction S, I, =15 +14

O 08=104 +1;

O I; =04 A

At junction P, I =1,

O Ig=04A

At junction Q, L, =1 +1; +1;

=03+04 +04=11A
By Kirchhoff’s loop rule in the given loop ABEFA, we get

A h B C
I1+1; )
gﬁ:mn g%:mg
/1 || +‘|7 I2
F |[ ‘I D
wov B 1ov
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10- (I, +1,)R, =0

O 10-(1, +1,)20=0
1 .
or I, +1, 25 ...()

and from loop BCDEB, we get
10- (I, +1,)R, — LR, =0
O 10-(1, +1, +1,)20 =0

O 1, + 21, =% ...(ii)

From Egs. (i) and (ii), we get
I,=0and/ =0.5A.

According to question, the voltage across R, is 5 volt, then

the current across it
Rs =100Q

R, =500Q

According to Ohm’s law,

O V=IR O 5=I xR,
O 5=1, x 500
o5 _ 1
' 7500 100

The potential difference across series combination of R;
and R,

1
0 Vy = (Ry + Ry) =600 x— =6Volt
2 ( 3 4) 100

So, potential difference (across R, )
Vy=18—-6=12V

Current through R, is,

V_ 12 3

= l=_S ="
R, 400 100

So current through R, is,
]2 :[_[l :i_iA :iA
100 100 100
Now, from V' = IR, we have,
h_o 6 300
(2/100)

R, =
2 12

When the switch ‘S’ is closed the circuit, hence formed is
given in the figure below,

V=20V  2Q Ve 4Q  Vg=10V

11.

12.

13.
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Then, according to Kirchhoff’s current law, which states
that the sum of all the currents directed towards a point in a
circuit is equal to the sum of all the currents directed away
from that point.

Since, in the above circuit, that point is ‘C”’
a Lt =i
0 VA_VC+VB_VC:VC_V
2 4 2
(. using Ohm'‘s law, V' = iR)

20—V, + 10-Ve _Ve -0

2 4 2
g 20-Ve + (10 =V )2 =V,

40=V, + 3,
40 =4V,

or Ve =10V

or

[0 The current, i = % =— =5A

R=10Q

37
_ B 24 =3

eq —
itn 3 %+1o

_¥7
32

Voltage across load =/R = %@ (10)=11.56V

A potential drop across each resistor is zero, so the current
through each of resistor is zero.

i1+i2 y G;

AAAA 5 AAAA >
> VWW\ > VW >

30 Q 3Q

Applying Kirchhoff’s loop law in loops 1 and 2 in the
directions shown in figure we have
6-3(j +i,)—i, =0 ..(1)
9-2i +i, —=3i; =0 ..(11)
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Solving Egs. (i) and (ii) we get, or 2R=4 or R=2Q
i, =0I3A A oR
Hence, the current in 1 Q resister is 0.13 A from Q to P. wWw WwW
14. Current in the respective loop will remain confined in the
loop itself. 2R 4R
AW AW
Therefore, current through 2 Q resistance = 0 A E
||
0 Correct answer is (c). I
. 3R
15. Current / can be independent of R, only when R,, R,, R5, R, AW AW
and R, form a balanced Wheatstone’s bridge. 2R
Therefore, BB or RR, =R,R, ,\(,3\,5\, E 4V
R, Ry 1
E, 4V

||
16. As there is no change in the reading of galvanometer with I
switch S open or closed. It implies that bridge is balanced.

i 19. The simplified circuit is shown in the figure.
Current through S'is zero and I = I, Ip = 1.

17. Net resistance of the circuit is 9 Q. 30Q
U Current drawn from the battery, 2 Vi? 30Q
i= g =1A = current through 3 Q resistor s0Q
30 4, 20 ¢ 20 i
v 1A
Wl 8Q _2VL 300Q 60 Q 2L 20Q

20 B 20 D 20

Potential difference between 4 and B is

2 1
V,=Vy =9-1(3+2) =4V =8j, Therefore, current i = 50 = m
O i =05A
O ihb=1-i =05A 20.

Similarly, potential difference between C and D
Ve =Vp =4 =V3) —1,(2+2)
=4 -4i, =4 -4(0.5)=2V =8i,

O iy =025A
Therefore, iy =i, —i; =0.5-0.25 5V
i, =025A I:
18. The given circuit is a balanced Wheatstone’s bridge. Just after pressing key,
C — -
A oR 5-250004 =0
5-50000i, =0
R A B (As charge in both capacitors)
E GRM L 4R O i=02mA O ir 0lmA
40 b And Vy +250004 =V,
I O Vy-V,==-5V
£ 49 After a long time, 7 and , = 0 (steady state)
Thus, no current will flow across 6R of the side CD. The @
given circuit will now be equivalent to u 5= 40 =
For maximum power, net external resistance 0 g, = 200pC

= Total internal resistance



21.

5-92 00 ¢, =100pC

20
9> _
Ve, ===V
BT 50 4
0 Ve =V, =45V

[0 Option (a) is correct.

For capacitor 1, ¢, = 200[1 - ¢~""! 1uC

i = LN
5
For capacitor 2, ¢, = 100[1-e~""'uC
i =L tma
10
O Ve 92 4 x25 =y,
20

OVy-V,=5[1-e']1-5" =-5[1 -2¢7"]
At t=In2,V, -V, =5[1-1=0
O Option (b) is correct.

1.4 .1 4.3
At t=1i=j+i,=—e +—e =—
bi=hth =g 10 10 e
PR
5 10 10

O (c) is correct.

After along time, §; =4, =0

O Option (d) is correct.

Due to symmetry on upper side and lower side, points P and
Q are at same potentials. Similarly, points S and T are at same

potentials. Therefore, the simple circuit can be drawn as
shown below

M 22 p 20 g 20

—/ VW
l>
N Q T
Iy I3 40Q 40 40
I
12V
[2 = L =2A
2+2+2
[3 = L =1A
4+4+4
O I, =1,+1; =3A
Ipg =0
because Vp =V
Potential drop (from left to right) across each resistance is
2oyv
3
O Vs =2%x4 =8V

VNQ:1><4=4 V or VS<VQ

22.

23.

24.

25.
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2Q 10
603 20 80 $29
4Q
6.5V —
[ 100
120 $40
20 Y 10
2Q
Q
6Q £ 20 10
6.5V — s
12Q 10
O
o)
60 2Q
68V T 10Q
120 4Q
2Q
603 £20
6.5V —
120 % £40
2Q i
L I=1A |
6.5V —/ s 4.5Q

V 5 = Equivalent emf of two batteries in parallel.

_E i+ Eln _(6/D+(3/2)_ o,
Vi +1n  (U1)+(1/2)

[0 Answer is 5.

Current in the circuit,
8x5
8x0.2

=25A

(counter clockwise)

Therefore, PD across the terminals of the battery
V=E-ir =5-(25)(02)=0
(a) Equivalent emf (V) of the battery

PD across the terminals of the battery is equal to its emf
when current drawn from the battery is zero. In the given

circuit,
i=0 I Vs, i=0
——>—MWVWW—— }—F
i
[ 2 L}
A B
Iy Vv,
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Current in the internal circuit,
Net emf

; n+n
Total resistance

)

Therefore, potential difference between 4 and B would be

Vy=Vg =WV —ig
7 +r0 :V1”2_V2’T

0 V, =V, =V, —
4 "V =N H’i i i P,
So, the equivalent emf of the battery is
V = VIrZ B V2rl'
ith

Note that if Vi =V, :V =0.
If i >V,5:V, —Vy =Positive i.e. 4 side of the
equivalent battery will become the positive terminal and
vice-versa.

(b) Internal resistance (r) of the battery
5 and # are in parallel. Therefore, the internal resistance
r will be given by

i

Vr=1% +1/norr=
htn
26. The given circuit actually forms a balanced Wheatstone’s
bridge (including the voltmeter) as shown below
R, = 400 Q
0
N\D
400 Q
A
100 Q 100 Q 200 Q
MMM AN AA—

100Q
AW

|
"ov
Q =200 Q

AW
S =200Q
—AMVWWWW—

P =100 Q| 100Q
—VVWWW\—

P R
Here, we see that — = E

Therefore, resistance between 4 and B can be ignored and
equivalent simple circuit can be drawn as follows

The voltmeter will read the potential difference across
resistance Q.
10 1

100+ 200 30

[0 Potential difference across voltmeter

= 0i =(200) %@v :?v

Therefore, reading of voltmeter will be 2—30\/.

Currents i; =i, =

27. (a) LetR 3 =x. Then, we can break one chain and connect a
resistance of magnitude x in place of it.
Thus, the circuit remains as shown in figure.

10
A AV

6V—_— 2Q X

B

Now, 2x and x are in parallel. So, their combined

resistance is

2+x
2x

or R,,=1+
AB Tty

But R, is assumed as x. Therefore,
2x
2+x

x=1+

Solving this equation, we get

x=2Q Hence proved.
. - 2x2
(b) Net resistance of circuit R =1 + 5 =2Q
L annin
A A
2 2

>
6V—— ZQ% %2(2

0 Current through battery i = g =3A

This current is equally distributed in 2Q and 2Q

. . L
resistances. Therefore, the desired current is 5 orl1.5A.

28. Applying Kirchhoff’s second law in loop BADB

2-2i -4 —-1-2(j —1,) =0 ..(D)
Similarly applying Kirchhoff’s second law in loop BDCB
205, —i,)+3-3i, —i, -1 =0 ...(i1)
Solving Egs. (i) and (ii), we get
L= > , by —i
13 13
. 1
and i~ = G




(a) Potential difference between B and D.
Vg +2(i =) =V)p

0 Vy —VD:—z(il—i2):3v
13
6 21
b Vo =E. —ip =3 —— x3 =22
®) core e 13 13
6 19

Vi, =E, +in, =1+— x] =—V
H H 2'H 13 13

29. (a) Equivalent emf of three batteries would be
_3X(E/F) _ (3/1+2/1+1/1)_ZV
I/ (A/1+1/141/1)

Further 7, » and 5 each are of 1 Q. Therefore, internal
resistance of the equivalent battery will be %Q as all

three are in parallel.

The equivalent circuit is therefore shown in the
given figure.

A R 3 B
Since, no current is taken from the battery.

Vg =2V (FromV =E —ir)
Further, V5 +V, —=Vz =E| —ij5

v 4+ P
0 i = Ve =Va + E — 2+3 “1A
i 1
v 4 o
Similarly, 7, =2 Va*Er _Z2%2_,
) 1
v+ P
and j3:VB Vitky _—2+1_
i 1

(b) » is short circuited means resistance of this branch
becomes zero. Making a closed circuit with a battery and
resistance R. Applying Kirchhoff’s second law in three
loops so formed.

3—i = (i +i, +i3) =0 ()

1Q EN
i Y,
Q |
v L
) /
1V

R =1
AV
i3\
(iy+io+ig A

2= (iy +iy +iy) =0 ...(ii)
1= iy = (iy +i, +i3) =0 .. (iii)
i +iy +iy =2A

From Eq. (ii)

O Substituting in Eq. (i), we get, 7 = 1A
Substituting in Eq. (iii) we get, i; = — 1A

O ih=2A
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Topic3 Heat and Power Generation
1. Heatrequired by water for getting hot and then evaporated is
AQ = msAT + mL
Here, m =1kg, AT =100° —20° =80°C,
s=4200) kg™ °C™', L =2260 % 10° J kg™
So, heat required is
AO =1x 4200 x 80 +1 x2260 x10°
=336 x10° +2260 x10°
=2596 x 10° J ..(0)
This heat is provided by a heating coil of resistance R =20 Q

connected with AC mains V., . =200V

rms
So, heat supplied by heater coil is
2
=Pt =108 x¢
Q R

where, P = power and ¢ = time.
2
_ (2007
20
=2x10° x¢

t

...(ii)
Substituting the value of heat from Eq. (ii), we get
2956 x 10°
2x10
_ 2956

= min = 24.63 min
2 x 60

Nearest answer is 22 min.

2. Given circuit is
4R 6R

@ 12R

4R

E=16V
Equivalent resistance of part 4,
4R x 4R
4 =——=2R
4R +4R

Equivalent resistance of part B,
X
R, = 6R x 12R :LZR — 4R
6R+12R 18
U Equivalent circuit is

2R R 4R R

[\
" E=16V

U Total resistance of the given network is
R,=2R+R +4R +R =8R
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As we know, power of the circuit,

po B2 _(16) _16x16 )
R, S8R S8R
8R
I
E=16V

According to question, power consumed by the network,
P=4W.

From Eq. (i), we get

0 16 x16 _ _lex16

=40R=
8R 8x4

=8Q

. Given circuit is shown in the figure below
Er

i
'

oo

R
E

Net current, 1=
R+r

...()

Power across R is given as

. ODEO
P=rr=pHE

For the maximum power,

[using Eq. (1)]

dap _
dR
0
0 ap_d ) E O
iR aRER H
0 0
_;2dH R A
dR (R + ry*0

gR+r) X 1—=2R x(R +r)[|
0 (R +r)! D
0 (R+7r)*=2R(R+r) or R+r=2R 0 r=R

O The power delivered by the cell to the external resistance
is maximum when R = r.

Alternate Solution

From maximum power theorem, power dissipated will be
maximum when internal resistance of source will be equals
to external load resistance, i.e.

r=R.

. Resistance of a bulb of power P and with a voltage source V'
is given by

Resistance of the given two bulbs are

2 2

Rl = L = (220)
P 25

2

and R, = o220
P, 100

Since, bulbs are connected in series. This means same
amount of current flows through them.

O Current in circuit is
14 220 1
= 2 7o A
R (220) + (220 11
25 100
Power drawn by bulbs are respectively,

. :%;gxzzoxzzo:mw
1 25

and P, = i2R2 = %g X 72201;0220 =4W

1=

. Let P, and P, be the individual electric powers of the two

resistances, respectively.
In series combination, power is
PP
) = ——2— = 60W
B +P

Since, the resistances are equal and the current through
each resistor in series combination is also same. Then,

P =P,=120W
In parallel combination, power is
P=P +P, =120 +120= 240 W
Alternate method
Let R be the resistance.
[0 Net resistance in series = R + R =2R

2
P= v - 60 W
2R
2
O - 120W
R
. . X R
New resistance in parallel = 2 =R/2
= =2 H/—[I 240 W
" RI2 OR O

. Power dissipated by any resistor R,

when / current flows through it is,
P=IR ... ()
Given / =2mA=2x10"*AandP =44 W
Using Eq. (i), we get
4.4=(2x10"%) xR
4.4

or R=—"—F[Q ...(11)
4x10°°



10.

When this resistance R is connected with 11 V
supply then power dissipated is
v? (11)?

P=""orP=""2 x4x10° -+ Using Eq. (ii
7 4 [ g Eq. (ii)]
0 P:11><11><4><110‘6
44 x 107
or P=11x10"°W

Current flowing through both the bars is equal.
Now, the heat produced is given by

H=I°Rt or HOR or Hap - Rap
Hpe  Rpe
2
_ w2 @szmhj %@
1/r) A4 ¥
1
4
or Hge =4 H
P =i’R

Current is same, so P O R.

In the first case it is 37, in second case it is 3 7, in third case it

LT . . . 3r
is 5 and in fourth case the net resistance is E

RIII < RII < RIV < RI

O Py <Py <Py <h
2 2
- —_— SO’ = —
R P
2 2
V
d =— and R,=Ry=—
1 2 37 %60
2
NOW, I/V1 :ﬂ)zml
(R; +Ry)
2 2
W2 :&)2 mz and I/V3 = (250)
(R +Ry) R,
Wi Wy Wy =15:25:64 or W, <W,<W;
2
In the first case %t =ms AT ...(1)
o p20
W:?ﬂ]
g d

When length of the wire is doubled, resistance and mass both
are doubled.

Therefore, in the second case,
(NEY’

2R
Dividing Eq. (ii) by (i), we get

2
%:Zoer =360orN =6

[ = (2m)s AT ... (ii)

11.

12.

13.
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Since, resistance in upper branch of the circuit is twice the
resistance in lower branch. Hence, current there will be half.

4Q 6Q
— WWW————— ————— AMWW————
i/2

AW >
5Q !
P, =(i/2)(4)

Py = (i)*(5)

Now, (P =i’R)

)

or ==

O P4:—:?:2cal/s

0 Correct option is (b).
Because of non-uniform evaporation at different section,
area of cross-section would be different at different sections.

Region of highest evaporation rate would have rapidly
reduced area and would become break up cross-section.

Resistance of the wire as whole increases with time.
Overall resistance increases hence power decreases.

o _y? 1 .
Ep =—orpl—asVis constant@
R R

At break up junction temperature would be highest, thus light
of highest band frequency would be emitted at those
cross-section.

6x15

Rigtal =2+ 5:3.21<Q
24V

a) I = =75mA =1
@ 32kQ Ry
O R O
I, = L I
R EL+R25

15

I =—x75=15mA
75

I, = 6mA
(6) Vg, = (g, (R, ) =9V
Pe, _ Ug)R _(757(2) _25

O b T Wik, (157(6) 3

(d) When R, and R, are inter changed, then
R,R; :2><1.5:§kQ
R, +R; 3.5 7
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14.

15.

Now potential difference across R; will be
D 6/7 O

e Y

2
Since, P= 3 or POV?

Earlier it was 9 V

In new situation potential difference has been decreased three
times. Therefore, power dissipated will decrease by a factor
of 9.

Resistance of the given bulb Ry g
100
Rb———( y =20Q 100V 100V
P 500 ‘ 200V N
To get 100 V out of 200 V across the
bulb,
R=R, =20Q.
2
From P= V—
R
Resistance of heater
_r_ _ (100)? 100
P 1000
From, P=1iR
Current required across heater for power of 62.5 W
R 10
Main current in the circuit,
= 100 _100(10+R) _10(10+R)
10+ 10R 100 + 20R 10+ 2R
10+ R

This current will distribute in inverse ratio of resistance
between heater and R.

0 =g R _Hy
Ho+ &0

R 00010+ R)D

o 2’5_HO+RHH 10+2R H

_ 10R
10 + 2R

Solving this equation, we get
R=5Q

Topic4 Electrical Instruments

1.

Unknown resistance ‘X’ in meter bridge experiment is given

by
X = 100 - l@R
/
Case (1) When R =1000Q and / = 60 cm, then

v = (100 - 60) 40 x 1000
60 60

x1000=

O X = 203009 667Q

Case (2) When R =100 Q and / =13 cm, then

v = 00 - 13@>< 100
13

_ 100 x 87 _ 8700
13
Case (3) When R =10 Q and / = 1.5 cm, then

_ [100- LS@X 10
L5
_ 985, 9850
L5

Case (4) When R =1Q and / = 1.0 cm, then
X = 00 - l@x I
1
O X=90Q

Thus, from the above cases, it can be concluded that, value
calculated in case (4) is inconsistent.

. In given potentiometer, resistance per unit length is

x=001Qcm™
1.5V, 15V,

05Q05Q A
I §
50 cm [
N _
R=1Q - N
A 2

100 cm

Length of potentiometer wire is L = 400 cm
Net resistance of the wire 4B is
R ,p = resistance per unit length x length of 4B
=001 x 400
a R,z =40Q
Net internal resistance of the cells connected in series,
r=05+05=1Q
0 Current in given potentiometer circuit is

Net emf _ Netemf
Total resistance r+R +R
= 3 =05A
1+1+4

Reading of voltmeter when the jockey is at 50 cm (/')
from one end 4,

V=IR =1(xl")
=05 %001 x50= 025V

. Current for deflection of pointer by

1 division =4 x 107 A



So, current for full-scale deflection = / <
= Number of divisions x Current for 1 division
O 1, =25x4x107"=1x107 A

Now, let a resistance of R is put in series with
galvanometer to make it a voltmeter of range 2.5 V.

R

g
A B

k——Vyg=2.5V—-—i

/

Then, I,(R+G)=V
1%1072 (R +50) =25
[ Given, G =50Q,V 5 =25V]
O R =250-50=200Q
. As, galvanometer shows zero deflection.
This means, the meter bridge is balanced.

R" _ R
Ry Rpp
O R,p = Rpg ...(D)
Now, for meter bridge wire
dR _ k

i
where, ‘k’ is the constant of proportionality.

O dR :idl

7

Integrating both sides, we get

ok
O R—Iﬁdl

/
So, Ry = J’é% dl = k(1| =2kl
0
1k 1
and Res = [l = 21 )\l

=2k (W1 -+1)=2k 1-+1)

Substituting values of R ;, and Rpp in eq. (i), we get

R,p = Rpg
O 201 = 2k(1=1)
O \ﬁ:lor 12120.25m
2 4

. Given, potential difference of 5 mV is across 10 m length of
potentiometer wire. So potential drop per unit length is

-3
T
10x 10
Hence, potential drop across 1 m length of potentiometer
wire is

Vg =5 x10‘2§\ml§x 1=5x107%V
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Now, potential drop that must occurs across resistance R is
Ve=4-5x102 =22y
100

Now, circuit current is
Vo _ 4
R+5

R

total
Hence, for resistance R, using V, = iR, we get
395_ 4
100 R+5
395 (R + 5) = 400R
395 x 5 =(400 —395)R
O R=395Q

6. For a galvanometer, i, [® ori, =C6

where, /, = current through coil of galvanometer,
0 = angle of deflection of coil
and C is the constant of proportionality.
Now, K, is closed and K, is opened, circuit resistance is
Req =R, + R,
where, R, = galvanometer resistance.
Hence, galvanometer current is

ie i, = r
- ¢ Ry + R,

where, V' = supply voltage.
As deflection is given 8, we have
4

i, = = (0, ..
¢ R +R,
When both keys K| and K, are closed, circuit resistance.
LR, x R, U
Reqg =R + 020
Ry + R, O
Current through galvanometer will be
;= 14 . R’
S
O R,R, U (R, +R
Del + 2%g 0 ( 2 g )
| R, + R, 0
= 7Ry =C £3 ...(i1)
R\Ry + RiR, + R,R, 5

Now, dividing Eq. (i) by Eq. (ii), we get
RiRy + RiR, + RyR, _s

Ry (R + Ry)
Substituting R, =220 Qand R, =5Q,
we get
1100+ 220 R, +5R, _s
5(220+R,)
1100+ 225 R, = 5500 +25R,
O 200 R, = 4400
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0 L= 4400 _ 70
200
O R, =22Q
7. For meter bridge, if balancing length is / cm, then in first
R, (100-1)
It is given that, / = 40 cm,
So B R
' 40 100-40
or R _2 ...(1)
R, 3

In second case, R{ = R, + 10, and balancing length is now
50 cm then

R, +10 _ R,

50 (100 = 50)
or R +10=R, ...(ii)
Substituting value of R, from (ii) to (i) we get,

R _2

or =

10+R, 3
g 3R, =20 + 2R,
or R, =200Q
O R, =300Q
Let us assume the parallel connected resistance is x.

+
Then equivalent resistance is X (R *+10)
x+ R, +100
So, this combination should be again equal to R
(R, +10) _
——L 7 =R,
R +10+x
0 30x 50
30 +x

or 30x = 600 + 20x
or x=60Q

. Resistance of galvanometer, (G) =20Q

Number of divisions on both side = 30
Figure of merit = 0.005 ampere/division
U Full scale deflection current (/,, )

= Number of divisions X figure of merit
O I, =30%0005=015A

Now, for measuring 15V by this galvanometer, let we use a
resistance of R ohm in series with the galvanometer.

O Effective resistance of voltmeter, R =R + 20
As,maximum potential measured by voltmeter.

V=1, Ry or 15 = 015(R +20)
or R +20=100 or R =80Q

. Let length of null point ‘J° be ‘x* and length of the
potentiometer wire be ‘L’.

10.

In first case, current in the circuit
6
4+2

I, =1A

. . 1x4
U Potential gradient =7 x R =

U Potential difference in part ‘4J°

1x4
= Xx = 51
Given, g =05= 4 or X = ! ...(1)
L L 8
In second case, current in the circuit
I, = 6 06A
4+6
O Potential gradient = 064
[J Potential difference in part ‘4J’
06x 4
= Xx= 82
L
06%x4 L
0 € = X — using Eq. (i
2 i 3 [using Eq. (1)]
O € ,=03V

Given, length of potentiometer wire (AB)=L
Resistance of potentiometer wire (4B)=12r
EMEF of cell D of potentiometer = €

Internal resistance of cell ‘D’ = r

EMF of cell ‘C” = %

Internal resistance of cell ‘C”* = 3r
Current in potentiometer wire

EMF of cell of potentiometer

" Total resistance of potentiometer circuit
-_ & _ &
r+12r 13r

Potential drop across the balance length AJ of
potentiometer wire is

Var 1% Ry,
U V=i (Resistance per unit length of
potentiometer wire X length 4J)

[2r
O VAJZIQTX)@

where, x = balance length AJ.

As null point occurs at J so potential drop across balance
length AJ = EMF of the cell ‘C".

O V=~

ar =5
O i?xxng
L

€
€
2



11.

12.

13.

14.

15.

O ixgx _E
13r L 2
O xZQL
24
R_ !
R, 100-1
ond R,_ [-10

R, 100-(1-10)
From Egs. (i) and (ii),

g /=55cm
Substituting in Eq. (i), we get
R, _55
R, 45
Further, R, +R, =100 Q
Solving Egs. (iii) and (iv),
R, =550Q

O 0O .52
Using formula, =R 5L | :5%—%
g H, " H o

For a voltmeter,

o« {v}

I,(G+R)=V O R=

O R=1985=1985kQ or

S

[-1g

In parallel, current distributes in inverse
Hence,

As 1, is very small, hence

Szig
1

, = (100) (11 x107) _

For balanced meter bridge

X_
R (100-1)
0 X __ 40
90~ 100 - 40

u X =60Q

O
v
Iy

..
...(ii)
...(iii))
.(iv)
sx12150
40
-G

R=1985x10° Q

ratio of resistance.

0.01Q

(where, R =90 Q)

17.

18.

19.

Current Electricity
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X =R #
(100 - 1)
AX _ Al Al 0.1
—_— =+ =+
X [ 100-17 40
AX =025
So, X =(60+£025)Q
Using the concept of balanced Wheat stone bridge, we have,
P_R
o S
0 X _ 10
(52+1) (48+2)
0 x =103 _ 1060
50

0 Correct option is (b).

We will require a voltmeter, an ammeter, a test resistor and a

variable battery to verify Ohm’s law.

Voltmeter which is made by connecting a high resistance
with a galvanometer is connected in parallel with the test

resistor.

Further, an ammeter which is formed by connecting a low
resistance in parallel with galvanometer is required to

measure the current through test resistor.
The correct option is (c).

R>2Q 00 100 —x>x
2Q R
fk—Xx —H%—100-x —
{1
R 2Q
f—x + 20— 80-x
{1
P R
Applying, — ==
pplymg 0 s
We have E: ol
R 100-x
R _x+20
2 80-x

Solving Egs. (i) and (ii), we get, R =3 Q
U Correct option is (a).

Vi =i,.G = (i —i,)S

O i:Q+gig

...(ii)
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20.

21.

22.

23.
24.

25.

26.

27.

Substituting the values, we get
i =100.1 mA
[0 Correct answer is (a).

BC, CD and BA are known resistances.
The unknown resistance is connected between 4 and D.
Hence, the correct option is (¢).

The ratio % will remain unchanged.

Circuit in option (a) can be used to verify the equation
V' = IR by varying net resistance of the circuit. No circuit is
given to verify Ohm’s law.

Statement I is false and Statement II is true.

With increase in temperature, the value of unknown
resistance will increase.

In balanced Wheat stone bridge condition,
R _|
X b
Here, R = value of standard resistance.
X = value of unknown resistance.

To take null point at same point

/ . R .
or -- to remain unchanged, e should also remain unchanged.
2

Therefore, if X is increasing R, should also increase.
J Correct option is (d).

For maximum range of voltage resistance should be
maximum. So, all four should be connected in series. For
maximum range of current, net resistance should be least.
Therefore, all four should be connected in parallel.

To increase the range of ammeter a parallel resistance (called
shunt) is required which is given by
i 0O
§ =0—=-00
O-4,0
For option (c)
O =6 O
s=p——2x10 __Hig0)=10
bx10° -50x10"0

To change it in voltmeter, a high resistance R is put in series,

where, R is given by R = K -G

lg

10
50 %107
= 200kQ

Therefore, options (b) and (c) are correct.

For option (b), R = - 100

Ig 4990 Q

©
—V—

i, (G +4990) =V

28.

29.

30.

31.

O 8 (G +4990)=30
1000
0 G +4990 = 30000 =5000
O G=10Q
Vab = Vcd
S
ce——MWW—od
(1 .5—19)
~
G
15A @ g g b
0 i,G=(15-i,)S
1000 1000
O S = 60 = 27}1
1494 249
. _249% 30 _ 2490 _
1494 498

Slide wire bridge is most sensitive when the resistance of all
the four arms of bridge is same.

Hence, B is the most accurate answer.

_—._ Ammeter N __ Voltmeter
/108 Q/ 106 O
AW
100 Q

<
QD
=
oY)
o
@
w)
O
<
=X
=
)
Q
@

The rheostat is as shown in figure. Battery should be
connected between 4 and B and the load between C and B.

g Load —
A J; B

ox

>

;%

o O

(a) There are no positive and negative terminals on the
galvanometer because only zero deflection is needed.

(b)

X 12




(c) AJ = 60cm

U BJ =40cm
If no deflection is taking place. Then, the Wheatstone’s
bridge is said to be balanced.
X _ Ry,
120 R,
or X _40_2

12 60 3
or x=8Q

39. 400 O 800 Q

Hence,

O

a b

Ly
M6V

(0)

Refer figure (a) Current through ammeter,

_ netemf
=
net resistance

6
" 400+ 800 + 10
=4.96 x 107 A
=496 mA
Refer figure (b) Combined resistance of 1000 Q voltmeter
and 400 Q resistance is,

1000 + 400
O 6 =553x107° A

=
(285.71 + 800)

Reading of voltmeter

=V, =i'R=(5.53x107)(285.71)= 1.58V

Topic5 Miscellaneous Problems

1. Given, resistance is 200 Q.
=20x10'Q
R B Br
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So, colour scheme will be red, black and brown.

Significant figure of red band is 2 and for green is 5. When
red (2) is replaced with green (5), new resistance will be

200 ohm [E- 500 ohm

. The value of R, (orange, red, brown)

O = 3% 16 320Q
Given, R, =80 Qand R, =40 Q
In balanced Wheatstone bridge condition,

&:&D R3:R4xﬁ
R2 4 R2
- R3:40X320
80
or Ry, =160Q =16 x 10'

Comparing the value of R; with the colours assigned for
the carbon resistor, we get
R3=16x 10'
A

Brown  Blue Brown

. Measured value of R = 5% less than actual value of R.

Actual values of R =30 Q

So, measured value of R is

R’ =30~ (5% 0f30) = 30 — —— x 30
100

0 R'=285Q ... (D)
Now, let us assume that internal resistance of voltmeter R, .
Replacing voltmeter with its internal resistance, we get

following circuit.
Ry

_ |
%

It is clear that the measured value, R’ should be equal to
parallel combination of R and R;,. Mathematically,

rR=LR_ 9850
R+R,
Given, rR=3000 % 985
RV
O 30R, = (28.5 x30) +28.5 R,
O 1.5R, =285 x 30
O RV:WZMXMMRV:SMQ

. Colour code of carbon resistance is shown in the figure

below

Green Black Red Brown

NI
INNNNNN!
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So, resistance value of resistor using colour code is
R=3502x10=502x10> Q
Here, we must know that for given carbon resistor first

three colours give value of resistance and fourth colour
gives multiplier value.

Now using power, P = iR

we get i—\F— 2
’ R \502x10°

~20x 10 *A =20 mA.

. The value of a carbon resistor is given as,

R=4B xC £D% ... (D)
where, colour band 4 and B (first two colours) indicate the
first two significant figures of resistance in ohms, C (third
color) indicates the decimal multiplier and D (forth colour)
indicates the tolerance in % as per the indicated value.

The table for colour code of carbon resistor is given below,

Colour Values  Multiplier (C) Tolerance
Codes (4, B) (D) (%)
Black 0 10

Brown 1 10!

Red 2 10°

Orange 3 10°

Yellow 4 10*

Green 5 10°

Blue 6 10°

Violet 7 10’

Grey 8 108

White 9 10°

Gold +5%
Silver +10%
No colour +20%

[J Comparing the colors given in the question and the table
and writing in the manner of
Eq. (i), we get
R=27x10° Q,+10%
=27kQ, +x10%

. The value of a carbon resistor is given as

R=4B xC £D% (D)
where, colour band 4 and B (first two colour) indicates the
first two significant figures of resistance in Ohms.
C (third colour) indicate the decimal multiplies and D
(fourth colour) indicates the tolerance in % as per the
indicated value.

The table for colour code,

Values

Multiplier

Colour code (AB) (©) Tolerance

Black 0 10

Brown 1 10!

Red 2 10°

Orange 3 10°

Yellow 4 10*

Green 5 10°

Blue 6 10°

Voilet 7 10’

Grey 8 108

White 9 107

Gold - - + 5%
Silver - - +10%
No colour - - +20%

- Comparing the colours given in the question and table
and writing in the manner of Eq. (i), we get

R=53%x10" £5%Q
or R=530x10°Q +5% or R =530k Q + 5%

. In a balanced Wheatstone bridge, there is no effect on

position of null point, if we exchange the battery and
galvanometer. So, option (a) is incorrect.

. Total power (P) consumed

= (15 x40) +(5 x100) +(5 x80)+ (1x1000)= 2500 W
As we know,

Power, P=VI I =

2500
220

125

A =—=113A

11

Minimum capacity should be 12 A.

. As,P:V—
R

2

where, P = power dissipates in the circuit,
V = applied voltage,

R = net resistance of the circuit

_120% 120

R =240Q
60Q 6Q
240Q
O
L
120V
48Q 6Q
O
L
120V

[resistance of bulb]

240Q 6Q
VW




10.

11.

12.

13.

14.

Ry =240+6=246Q

12 .
0 i = ¥ 120 [before connecting heater]
R, 246
= V? _120%120
R 240
O R=60Q [resistance of heater]
So, from figure,
4 - 240 x120 =117.073 V [V =1IR]
246
O i -r 120 A =§>< 120 = 106.66 V
R, 54 54
V-V, =1041V
2
R = r orR [J 1
P
O L > i > i
Rigp Reo  Rao
Hence, the correct option is (d).
2
Applying P = %, R, =1Q,R, =0.5Q and R; =2Q
V=V, =V; =3V
2
d P = —(31) =9W
2 2
P, :(3—):18W and P; = Q:4.5W
05 2
d P,>P>P

0 Correct option is (c).

W = 0. Therefore, from first law of thermodynamics,
AU = AQ =i*Rt = (1)* (100) (5 x 60)J =30kJ.

0 Correct answer is (d).

At 0 K, a semiconductor becomes a perfect insulator.
Therefore, at 0 K, if some potential difference is applied
across an insulator or semiconductor, current is zero. But a
conductor will become a super conductors at 0 K. Therefore,
current will be infinite. In reverse biasing at 300 K through a
p-n junction diode, a small finite current flows due to
minority charge carriers.

Given, N =50, 4 =2x10*m?,C =10™*,R =50Q,

B=002T,0=02
radNigAB:CG

;- €O 1074 % 02

£ NAB 50x2x107* %002
O V=i xG=(i=i;)S 0 0.1x50=(1-0.1) xS

O =0.1A

15.

16.

17.

18.

423
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S
———— AW
i—ig
()
i a /g v b
5=09x%xS§
0 s=2q=550
9
. 2F . 026 O
In series, i = 0 J,=iR= (R
R ! B+ &M
In parallel, i= £
05+R
0 O
0 J,=i’R = (R
? s+ &H
Ji o 2.25
Jy
+RY +
_ 4 (05 RZ) or 152 2(05+R)
(2+R) (2+R)
Solving we get, R =4 Q
[0 The answer is 4.
In electrostatic condition, electric field inside a conductor is
zero. But when a current flows through the conductor electric
field is non-zero.
(@) I*Rt =mS DO =m (S AB)
e @al %@t = Alp, (S 08)
Here, P, = specific resistance
and p, = density
2
N = A2 (5 08) 0
I°p
Substituting the values, we have
;= (05x 107°)2(9 x 10°)(9 x 107 x4.18 x1050)
(L0Y* (L6 x 107%)
=555s
(b) From Eq. (i) we can see that time is independent of length
of wire.
In series current is same. Therefore, from the relation

P =i’R, a bulb having more resistance consumes more

power or glows brighter. 25W bulb has more resistance
O 20
5}? = VF% compared to 100 W bulb. Hence, it will glow

brighter.
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