UNIT Il CURRENT ELECTRICITY
CH-3 CURRENT ELECTRICITY
Gist of the chapter
Electric Current: rate of flow of electric charge
dq

Instantaneous current: [ = e Sl unit: ampere, scalar quantity

Current carriers (mobile charge carriers): The charged particles whose drift in a
definite direction constitutes the electric current are called current carriers.

Conventional current in a metallic conductor: In metallic conductors, negatively
charged patrticles, namely electrons, drift under the influence of applied potential
difference. This constitutes an electron current.

The direction of drift of positive charges is the direction of current. This current is
called conventional current. The direction of conventional current is opposite to that
of drift of electrons.

Current Density (7): it is amount of charge flowing per second per unit area

ai-22
normal to flow of charge. It is a vector quantity having the same > /\ &
direction as that of the motion of the positive charge. AQ o P ——
.
J=7 as

Ingeneral , I =J. 4

Sl unit of current density = Am?

Drift velocity: the average velocity gained by the free Electric Field
e
electrons of a _conducto_r |r.1 the opposite direction of the o ©. © o
externally applied electric field . o
® .
o- e &
Relaxation time: the average time that elapses between Drift Velocity

two successive collisions of an electron is called relaxation time.
Relation between drift velocity and electric field: Drift velocity of electron is given
by vy = —— Where e = charge on electron, m = mass of electron, 7 =

m
relaxation time, E = electric field



Relation between drift velocity and current:

1 .
Vg = — where | = current, A = Cross-section area of conductor, e = charge on

electron

Mobility(u): the mobility of charge carrier is given by

L=
As drift velocity, 7; = — emﬂ ap= %‘1 = % S| unit of mobility = m2V-1s1

Ohm’s law: the current flowing through a conductor is directly proportional to the
potential difference applied across its ends, provided the temperature and other
physical conditions remain unchanged.

ValorV =R Where R = Resistance of the conductor.

Resistance: it is the property by virtue of which a conductor opposes the flow of
charge through it.R = % SI Unit: 1 ohm(Q) = 1VA*?

Cause of resistance: Collisions are the basic cause of resistance

Symbol of resistor:

Factor affecting the resistance:

R=p L where p = specific resistance or resistivity of a conductor.
A

resistivity of a conductor is given by p = Sl unit of resistivity: ohm meter(Qm)

nezt

Resistivity of conductor depends only nature of material

Conductance: G = % Sl unit of conductance ohmtor mho or siemens(S)
Conductivity: o = i Sl unit of conductivity is onm™ m't or Sm-

Vector form of ohm’s law: | = oF

Limitations of Ohm's Law
1.  Ohm’s law is applicable only to metallic conductors at moderate temperatures
and moderate potential differences.
2. Ohm’s law cannot be applied
o to conductors maintained at very high temperatures or very low temperatures.
o to semiconductors and semi conducting devices.
o to conductors across which very high pd or very low pd is applied.



V-l characteristics

The variation of current (I) with voltage (V) at various temperatures for any
device is called its V-I characteristics.

For an ohmic device, V-l characteristic is linear.

I
(in amp) 1(mA)

(in volts) (in volts)

For a non-ohmic device, the V-I characteristic curve is non-linear.

V-| characteristic of some non-ohmic devices
I

V
(o]
V-1 characteristic of Ohmic device — Metal conductor

Effect of temperature on resistance

The resistivity p of a material depends on its temperature. For a small variation
of temperature,

p=pPo(1+alT - To), where @ = temperature coefficient of resistance of the
material.

The resistance of a conductor at absolute temperature T is given by the
relationRy = Ro(1 + a(T — To),

Sl unit of @ = °C"*

Distinctive values of & for metal, alloys and semiconductor:

1) For metals, a is positive i.e., resistance of metals increases with the
increase in temperature.
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2) For alloy like constantan and manganin, the temperature coefficient of
resistance is very small. So, they are used for making standard resistor.



3) For semiconductor and insulator @ is negative i.e. their resistance decreases
with the increases in temperature

h

s

Resistivity (p)

i
»

Temperature T(K)y—»

Resistivity of a semiconductor decreases rapidly with temperature.
EMF and internal resistance of a cell

Electromotive force: The work done by the source in taking a unit positive charge from
its lower potential to higher potential.

w
E=—
q

Sl unit: volt

Internal resistance: the resistance offered by the electrolyte of a cell to the flow of
current between its electrodes is called internal resistance

Terminal potential difference: the potential drop across the terminals of a cell when
a current is being drawn from it is terminal potential(V).

Relation between emf, internal resistance and terminal potential.
V=E-Ir
Special cases

1) When cell is on open circuit: | =0
V=E

Difference between emf and terminal voltage

EMF Terminal Voltage
1. It is the potential difference 1. It is the potential difference
between two terminals of the cell between two terminals when a
when no current drawn from it. current passes through it
2. ltis a cause 2. ltis an effect
3. Sl unit Volt 3. Sl unit Volt

Grouping of a cell

Cell in series
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Eeq = El +E2
Teq =T1+T1

Cell in parallel

£
1 I _Ein+En
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= o=

Electric Power: itis the rate at which an electric appliance convert electric energy into
other forms of energy.

2
p=Y=yi=p2r=2L S| unit of power: Watt
Electric energy: it is the total work done in maintaining an electric current for a given
time.

2
W =Vit=IRt ="t Commercial unit: 1 KWh = 3.6 x 106]

High voltage power transmission: suppose power P is delivered to a load R via
transmission cables of resistance R;. If V is the voltage across load R and | the current
through it, then P =VI The power wasted in transmission cables

szt

P, =I°R, = 7

Kirchhoff’s first law or junction law(KCL): In an electric circuit, the algebraic sum
of currents at any junction is zero.

2I=0

Sign convention for applying junction rule:1.The current
flowing towards the junction are taken as positive.

2.The current flowing away from the junction are taken as
negative.

ZI211+13_12_14:()0r11+13212+14



Kirchhoff’s second law or loop law: the
algebraic sum of the emf’s in any loop of a circuit
is equal to the sum of the products of currents and
resistance in it.

2E =2IR

Wheatstone bridge: it is an arrangement of four
resistance used to determine one of these
resistance quickly and accurately in terms of the
remaining three resistance

When no current flows through the galvanometer.
The bridge is then said to be balanced . in the
balanced condition,

R
S

Q| o
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MULTIPLE CHOICE QUESTIONS
LEVEL-1

In a current carrying conductor, current density ], and drift velocityv, will be
such that

A. Jand vy Will have same direction

B. J and v, will have opposite direction

C. The direction of ] is determined by the number of free electrons undergoing
drift motion, whereas the direction of v; remain same

D. The direction of v,is determined by the number of free electrons undergoing
drift motion, whereas the direction of 7 remain same

. Which among the following statements is correct?

A. In a metal, number density is independent of temperature

B. With increase in temperature, relaxation time in metal decreases

C. For semiconductor and insulators number density increases with increases
in temperature

D. All the above

. The resistivity of alloy manganin

A. Increases rapidly with increases of temperature
B. Decreases linearly with increases in temperature
C. Increases rapidly with decreases in temperature
D. Is nearly independent of temperature

. A charged particle is having drift velocity of 3 x 107°V'm™1. The electron mobility
is

A. 2.5 x 10*m?V~1s~1 C. 2.25x 107 B3m2y-1s-1
B. 2.5x 10°m2V~1s71 D. 41 x 103m?V~1s71

. With increase in temperature, resistance of a conductor

A. Decreases

B. Increases

C. May decreases or increases depending on temperature

D. It does not depend on temperature

. When the current | is flowing through a conductor, the drift velocity is v, if 2i
current flows through the same metal but having double the area of cross-
section, then the drift velocity will be

A. v/i4 C.v
B. v/2 D. 4v

. Two wires have same lengths, diameter and specific resistances all in the ratio
of 1:2. The resistance of the first wire is 100hm. Resistance of the second wire
in ohm will be

A. 5 C. 20
B. 10 D. Infinite
. When a 20V battery is connecte across an unknown resistor there is a current



Of 50mA in the circuit. Find the value of the resistance of resistor:

A. 2500Q C. 0.40Q

B. 400Q D. None of these
9. Among which of the following resistance does not depend :

A. Length of conductor C. Temperature

B. Area cross-section D. Density

10.The incorrect statement among the following statement is

A. Emf of a cell is the potential difference between its positive and negative
potential electrodes in an open circuit

B. Internal resistance of dry cells is much higher than common electrolyte cells
C. The terminal potential difference of a cell can be zero.

D. When current passes from positive to negative terminal of a cell inside it,
terminal potential difference is less than its emf

11.Two wires A and B of the same material, having radii in the ratio 1:2 and carry
currents in the ratio 4:1. The ratio of drift speed of electrons in A and B is

A. 161 C. 14
B. 1:16 D. 411
12.Kirchhoff’s first law, i.e. £I = 0 at a junction, deals with the conservation of
A. Charge C. Momentum
B. Energy D. Angular momentum

13. A battery of emf 10V and internal resistance 30ohm is connected to a resistor.
The current in the circuit is 0.2 amp. The terminal voltage of the battery when
the circuit is closed is

A. 10V C. 15V
B. Zero D. 8.5V

14.The potential difference between the terminal of a cell in an open circuit is 2.2
V. when a resistor of 5 ohm is connected across the terminals of the cell, the
potential difference between the terminals of the cell is found to be 1.8 V. the
internal resistance of the cell is

A L0 C. 20
12 10

B. 20 D. 20
9 7

15.The figure below shows currents in a part of electric circuit. The current | is
1 amp

2 amp

1.3 amp

A. 1.7A C. 1.3A

B. 3.7A D. 1A
For Questions 16 to 20, two statements are given —one labelled Assertion (A) and
other labelled Reason (R). Select the correct answer to these questions from the
options as given below.



a) If both Assertion and Reason are true and Reason is correct explanation of
Assertion.

b) If both Assertion and Reason are true but Reason is not the correct
explanation of assertion

c) If Assertion is true but Reason is false.

d) If both Assertion and Reason are false

16.Assertion(A): A current flows in a conductor only when there ia an electric field
within the conductor
Reason(R): The drift velocity of electrons in presence of electric field
decreases.

17.Assertion(A): An electric bulb starts glowing instantly as it is switched on.
Reason(R): Drift speed of electrons in a metallic wire is very large.

18. Assertion(A): A wire carrying an electric current has no electric field around it.
Reason(R): Rate of flow of electrons in one direction is equal to the rate of flow
of protons in opposite direction.

19.Assertion(A): Though large number of free electrons are present in the metal.
Yet there is no current in the absence of electric field.

Reason(R): In the absence of electric field electrons move randomly in all
directions.

20.Assertion(A): The value of temperature coefficient of resistance is positive for
metals.

Reason(R): The temperature coefficient is resistance for insulator is also
positive.

LEVEL — 2 MCQ

1. A current of 3 amp flows through the 2 ohm resistor ’—Wwf
shown in the circuit. The power dissipated in the 5 ohm o
resistor is:

A. 4 watt C. 1 watt A
B. 2 watt D. 5 watt |

2. In the figure balanced condition of Wheatstone bridge

A. B is at higher potential
B. D is at higher potential & <G>
C. Any of the two B or D can be at higher potential
than other arbitrarily
D. B and D are at same potential
3. Five resistances have been connected as shown in the D
figure. The effective resistance between A and B is i v




9.

A Yo C. 140

3
D. 210
B. 20

Two solid conductors are made up by of same material, have same length and
same resistance. one of them has a circular cross section of area A1 and the
other one has a square cross section area of A2. The ratio 2—1 IS
2
A. 15 C. 0.8
B. 1 D. 2
The solids which have the negative temperature coefficient of resistance are
A. Insulators and
semiconductors
. Metals

B
C. Insulators only
D. Semiconductor only

For Questions 6 to 10, two statements are given —one labelled Assertion (A)
and other labelled Reason (R). Select the correct answer to these questions
from the options as given below.

a) If both Assertion and Reason are true and Reason is correct explanation of
Assertion.

b) If both Assertion and Reason are true but Reason is not the correct
explanation of assertion

c) If Assertion is true but Reason is false.

d) If both Assertion and Reason are false

Assertion(A): The conductivity of an electrolyte is very low as compared to a
metal at room temperature.

Reason(R): The number density of free ions in electrolyte is much smaller as
compared to number density of free electrons in metals. Further, ions drift much
more slowly, being heavier.

Assertion(A): The dimensional formula for product of resistance and
conductance is same as for dielectric constant.

Reason(R): Both have dimensions of time constant.

Assertion(A): The drift velocity of electrons in a metallic wire will decrease, if
the temperature of the wire is increased.

Reason(R): On increasing temperature, conductivity of metallic wire decreases.
Assertion(A): Bending a wire does not affect electrical resistance.

Reason(R): Resistance of wire is proportional to resistivity of material

10. Assertion(A): A person touching a high power line gets stuck with the line.

Reason(R): The current carrying wires attract the man towards it.



LEVEL - 3 MCQ

. A Wheatstone bridge is used to determine the

value of unknown resistance X by adjusting P s % X
the variable resistance Y as shown in the B (c)}—
figure. For the most precise measurement of i /;
X, the resistance P and Q QR | Y

A. Should be approximately equal to 2X

B. Should be approximately equal and are
small

C. Should be very large and unequal [

D. Do not play and significant role E

r=4Q is connected to the
network of resistance, as shown

in figure what must be the value E § R 6R R§
of R, so that maximum power is —_

. A battery of internal resistance % VW"I
R

delivered to the network? what is 4 () R 4R
the maximum power? -‘7 _MN’! VW‘V
A. —

B. — D. —
4
C. —

. The resistance of a wire is 5Q at 50°C and 6Q at 100°C. The resistance of the

wire at 0°C will be
A. 3Q C. 1Q
B. 2Q D. 40

. The resistive network shown below is connected to a DC source of 16V. the

power consumed by the network is 4 watt. The value of R is

4K L]l £
23 |5
4R 12K
| 1
I I
e=16%
A. 8Q B.1Q C.160Q D.

69 10V

-I F—ArA—
. A 10 V battery with internal resistance 1Q and a 15V 10
battery with internal resistance 0.6Q) are connected in 15V

parallel to a voltmeter as shown in the figure. The 'l—-\va—q
reading in the voltmeter will be close to

0.60
A. 119V B.13.1V C.125V
D.24.5V )
\\2,

. Two equal resistances when connected in series to a battery, consume electric



power of 60W. if these resistances are now connected in parallel combination
to the same battery, the electric power consumed will be
A. 60 W C. 120 W
B. 30 W D. 240 W

. A heater coil is cut into two equal parts and only one part is now used in the

heater. The heat generated will now be.

A. Doubled C. One fourth
B. Four times D. Halved
. The value of current i; flowing from Ato C in T
the circuit diagram is 8v
A 1A
B. 4A
C.5A
D.2A
. In the circuit, given in the figure, currents in
D 2V
E I|———B
1A
20Q
A [ F
w ©  2a

different branches and value of one resistor are shown.
The potential at point B with respect to the point A is

A +1V C. +2V
B. -2V D. -1V
10.In the circuit shown, the potential difference between A and B is
10 ™
N W 'r
50) 10 eV 100
W 5—VW\ . = Wv—é
10 3V
N M i




(2 MARKS QUESTIONS)
LEVEL -1

. Two cells of emfs and internal resistances E,,r;and E,,r, are connected in
parallel. Derive the expressions for the emf and internal resistance of a cell
which replace this combination.

. An arc lamp operates at 80 V, 10A. suggest a method to use it with a 240 V DC
source. Calculate the value of the electric component required for this purpose.
. Prove that the current density of a metallic conductor is directly proportional to
the drift speed of electrons.

. Define the electrical resistivity of a material. How it is related to the electrical
conductivity? of the factors, length, area of cross-section, nature of material and
temperature — which ones control the resistivity value of conductor?

. Define the term ‘mobility’ of charge carries in a current carrying conductors.
Obtain the relation for mobility in terms of relaxation time.
. State the conditions under which ohm’s law is not obeyed
in a conductor. T,
| — V graph for a metallic wire at two different
temperatures,T; and T, is as shown in figure. Which of the
two temperature is lower and why?

. Two cells of emf’s E; and E,, and internal resistance r;and v—

r, respectively are connected in series. Obtain expression for the equivalent (i)
emf and (ii) resistance of the combination.
LEVEL - 2

. Two metallic wires, P1 and P2 of the same
material and same length but different cross-
section areas, A1 and Az are joined together
and connected to a source of emf. Find the

1.."
()
)

ration of the drift velocities of free electrons in 12V] 20
two wires when they are connected (i) in series v
and (ii) in parallel

. A battery of emf 12 V and internal resistance 2
ohm is connected to 4 ohm resistor as shown

o 402

in figure show that a voltmeter when placed AAMAM

2

across the cell and across the resistor in turn,
gives the same reading




. Under what condition is the heat produced in an electric circuit:

() Directly proportional

(i) Inversely proportional to the resistance of the circuit.

Use Kirchhoff’s rules to obtain the balance condition in Wheatstone bridge.
In the electric network shown in figure, use Kirchhoff’s rules to calculate the
power consumed by the resistance R = 4.

I Ep=12V a0
H—<—|E—www~—-::
R=410
i > At I

11_ [1
E < I[ F
I, _
E,=6WV
LEVEL -3

. A) Two wires of equal lengths, one of copper and the other of manganin have
the same resistance. Which wire will be thicker
B) If a wire is stretched to double its original length without loss of mass, how
will the resistivity of the wire be influenced?
. The following graph shows the variation of terminal potential difference V,
across a combination of three cells in series 4
to a resistor, versus the current, | :
a) Calculate the emf of each cell. _
b) For what current 1, will the power !+
dissipation of the circuit be maximum?

-
-

0 1.0 e M [ rampere)

. Using Kirchhoff’s rules, calculate the current through 40Q and 20Q in the circuit
shown in below figure

80V

200
A —:i+ ANAAY B
400
D AAAAA C
E II AAAA F
+= 100



. ‘n’ identical cells each of emf ‘E’ and the

3 MARKS QUESTIONS
LEVEL -1

. (I) For the circuit diagram of a Wheatstone bridge shown, use Kirchhoff’s laws
to obtain its balance condition.
(I1) Give one practical application that is based on this principle.

. The Wheatstone’s bridge of figure is showing no A
. - &
deflection in the galvanometer joined between the KX o
. %

point B and D. compute the value of R. C;v c?

. A potential difference V is applied to a conductor of 2 o
length I, diameter D. how are the electric field E, the Q ®
drift velocity v, and resistance R affected when (i) V B

is doubled (ii). | is doubled (iii) D is doubled. b
Draw a plot showing the variation of resistivity of a (i) conductor and (i)
nichrome(iii) semiconductor, with the increase in temperature.

How does one explain this behavior in terms of number density of charge
carriers and the relaxation time?

Distinguish between emf E and terminal voltage V of a cell having internal
resistance ‘r'. Draw a plot showing the variation voltage V vs. the current | drawn
from the cell. Using this plot, how does one determine the emf and the internal
resistance of the cell?

LEVEL -2 A Vhl AN F
In the circuit show in fig.in the steady state,
obtain the expression for B V'i ﬂ“ £

a) The potential drop
b) The charge and

c) The energy stored in the capacitor. cl—| Mprr——Ip
2V

internal resistance ‘r’ are connected in series to resistor ‘R’

() Deduce an expression for the internal resistance ‘r’ of one cell in terms
of the current ‘I’ flowing through the circuit.

(i) How does the internal resistance of the cell vary with temperature.

. Explain, giving reasons, how the internal resistance of a cell changes in the
following cases:

() When concentration of the electrolyte is increases.

(i) When area of the anode is decreased.

(i)  When temperature of the electrolyte is increased.



LEVEL -3

1. Determine the current flowing through the galvanometer G of Wheatstone
Il"Iz

Bridge shown in figure.

2. (a) Draw a graph showing the variation of
current versus voltage for a diode

(b) (i) the graph between resistance R
and temperature T for Hg is shown in
figure explain the behavior of Hg near 4 K

T 0-16 - .
= 0-08 : #T A
i [
L "’/ 1 '} B
o 2 4 & 5 z
' (K) — E
Figure (a) = C
)
(iii)  in which region of the graph shown in figure is El A
the negative resistance. o
0
Voltage (V) >

3. the following table gives the length of three copper
wires. Their diameters, and the applied potential differences across their ends.
Arrange the wires in increasing order according to the following:

Wire no Length diameter Potential difference
1 L 3d \Y

2 2| D \Y

3 3l 2d 2V

() the magnitude of the electric field within them.
(i) The drift speed of the electrons through them, and
(i)  The current density within them.

5 MARKS QUESTIONS

LEVEL -1

1. (@) The electron drift arises due to the force experienced by electrons in the
electric field inside the conductor. But force should cause acceleration. Why
then do the electrons acquire a steady average drift speed? (b) If the electron



drift speed is so small, and the electron’s charge is small, how can we still obtain
large amounts of current in a conductor?

(c) When electrons drift in a metal from lower to higher potential, does it mean
that all the ‘free’ electrons of the metal are moving in the same direction?

(d) Are the paths of electrons straight lines between successive collisions (with
the positive ions of the metal) in the (i) absence of electric field, (ii) presence of
electric field?

LEVEL-2

. Deduce the condition for balance in a Wheatstone bridge. Write any two
important precautions you would observe while performing the experiment.
When is Wheatstone bridge most sensitive?

LEVEL-3

. Two cells of emf 3V and 4V and internal resistances 1 ohm and 2 ohms

respectively are connected in parallel so as to send current in same direction
through an external resistance of 5 ohm. Draw the circuit diagram using
Kirchhoff’s laws. Calculate the current through each branch of the circuit and
potential difference across 5-ohm resistance.

Numerical Problem
LEVEL -1

. The amount of charge passing through cross-section of wire is g, = t> +t + 1
find the value of currentatt = 1s

. The resistance of a thin wire of silver is = 1.0 Q at 20°C. The wire is placed in a
liquid bath and its resistance rises to 1.2Q. find the temperature of the bath
iN°C(agjper = 3.8 X 1073/°C)

. A cell of emf 2 V and internal resistance 0.1 Q is connected to a 3.9 Q) external

resistance. What will be the potential difference across the terminals of the cell.
. Two cells of emfs 1.5 V and 2.0 V having internal resistances 0.2 Q and 0.3 Q
respectively are connected in parallel. Calculate the emf and internal resistance
of the equivalent cell.

LEVEL -2

. A storage battery of emf 8 V, internal resistance 1.0 Q, is being charged by a
120 V dc source, using a 15.0 Q resistor in series in the circuit. Calculate (i) the
current in the circuit, (i) terminal voltage across the battery during charging,
and (iii) the chemical energy stored in the battery in 5 minutes.

. A voltmeter of resistance 998() is connected across a cell of emf 2 V and

internal resistance 2. Find the potential difference across the voltmeter, that



across the terminals of the cell and percentage error in the reading of the
voltmeter.

. Two aluminium wires have their lengths in the ratio 2 :3 and radii in the ration
1: 3. These are connected in parallel across a battery of emf E and of negligible
internal resistance. Find the ratio of drift velocities of the electrons in the two
wires.

LEVEL -3

. A particle of the charge 2uC and mass 1.6 g is moving with a velocity 4 ms~1.
At t = 0 the particle enters in a region having an electric field E(inNC™Y) =
807 + 60j. Find the velocity of the particle at t = 5s

. The circuit in figure shows two cells connected in opposition to each other. Cell
Ejis of emf 6V and internal resistance | A B

2.0 Q; the cell E, is of emf 4V and internal | I ® I I ®
resistance 8.0Q. Find the potential

E, E.
difference between the points A and B.

. In the circuit shown in figure, with steady current, A ‘-I
calculate the potential difference across the
capacitor and the charge stored in it.

CASE STUDY QUESTION a ,

Read the following text and answer the following
guestions on the basis of the same:

Electric Toaster: Small Industries Service Institute takyelpat Industrial Estate Imphal
has designed an Electric toaster which is operated at 220 volts A.C., single phase
and available in four different rated capacity such as 600 W, 750 W, 1000 W and
1250 W. The heating element is made of nichrome 80/20 (80% nickel, 20%
chromium), since Nichrome does not get oxidize readily at high temperature and
have higher resistivity, so it produces more heat.

The element is wound separately on Mica sheets and fitted with body of toaster with
the help of ceramic terminals.

i.) Heating element of the toaster is made of:

(A) copper (B) nichrome  (C) chromium (D) nickel



ii.) What is meant by 80/20 Nichrome?

(A) 80% Chromium and 20% Nickel

(B) 80% Nickel and 20% Chromium

(C) Purity 80%, Impurity 20%

(D) It is a mixture of Chromium and Nickel

iii.) Which one will consume more electricity?
(A) 600 W (B) 1000 W (C) 750 W (D) 1200 W
iv) Operating voltage of the device is: (A) 220 V AC, single phase

(A) 220 V AC, single phase (B) 220 V AC, three phase
(C)220V DC (D) 220 V AC/DC

V) Insulating materials used in the device are:
(A) Mica (B) Ceramic (C) Mica, ceramic, Nichrome (D)Mica, ceramic

COMPETENCY BASED QUESTION

. Aflashlight uses two batteries, each of emf 2V and internal resistance 0.1 ohm,
in series. The flashlight bulb has a resistance of 10 ohm.

(1 What is the current drawn by flashlight bulb?

(i) How much power is dissipated through the flashlight bulb?

(i)  If the two batteries have zero internal resistance, will the power
dissipated through the flashlight bulb be more or less?

(iv)  Calculate the difference.

. In order to discourage the use of personal electrical appliances by the guests

in the rooms of a motel in a small town, each 220 V socket in the room is wired

with a circuit breaker on a 5 A line. Sam wishes to iron his clothes using his

1200 W, 200V portable steam iron box in his motel room.

0] Current drawn from iron

(i) Will sam be able to use his iron box without tripping the circuit breaker?
(i)  Find the resistance of his iron box.

(iv)  Can 1200W iron use in 220 V socket?



(i
(i)
(iii)

(iv)

CCT BASED QUESTION

Tim is a music enthusiast who wishes to create good sound effects for his
stereo system using his two sets of speakers at home. The first set consists of
two speakers of resistance 10 ohm each. The second set consists of two
speakers with resistance 5 ohm and 10 ohm respectively. Initially, he connects
the first set of two 10 ohm speakers in series to the 10 V stereo output. Later
he connects the second set of speakers such that each of them is parallel to
the first set of speakers.

What is the current through each of 10 ohm speakers before the second set
of speakers were connected?

What is the new current through each of 10 ohm speakers after the second
set of speakers are connected?

If the loudness of the music is directly proportional to the amount of power
used by the speakers, how has the loudness of the first set of speakers
changed due to the introduction of the second set of speakers?

What is the impact of connecting the second set of speakers in the circuit?
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Self-Assessment Test

Max. marks-25 Max. Time: 40 minute

1)

2)

3)

4)

Section-A( 1 Mark each)

Consider a current carrying wire (current I) in the shape of a circle. Note that as

the current progresses along the wire, the direction of J changes in an exact

manner, while the current | remain unaffected the agent that is essentially

responsible for is

a) Source of emf

b) Electric field produced by charges accumulated on the surface of wire

c) The charge just behind a given segment of wire which push then just the
right way by repulsion.

d) The charge ahead

Kirchhoff’s junction rules is a reflection of

a) Conservation of current density vector.

b) Conservation of charge

c) The fact that the momentum with which a charged particle approaches a
junction is unchanged (as a vector) as the charged particle leaves the
junction.

d) None of these

The resistance of a wire is 5 at 50°C and 6Q at 100°C. The resistance of the

wire at 0°C will be
a) 3Q c) 1Q
b) 2Q d) 4Q

The potential difference (V, — V) between the points A and B in the given
3V

Vi 20 77 10 Vs
——"WW—e
figureis 4  1=24 B

a) +6V b)+t9V  (c)-3V (d)3V



For Questions 5 to 6, two statements are given —one labelled Assertion (A) and other
labelled Reason (R). Select the correct answer to these questions from the options as
given below.

5)

6)

7

8)

9)

a) If both Assertion and Reason are true and Reason is correct explanation

of Assertion.

b) If both Assertion and Reason are true but Reason is not the correct

explanation of assertion

c) If Assertion is true but Reason is false.

d) If both Assertion and Reason are false
Assertion(A): Though large number of free electrons are present in the metal.
Yet there is no current in the absence of electric field.
Reason(R): In the absence of electric field electrons move randomly in all
directions.
Assertion(A): The value of temperature coefficient of resistance is positive for
metals.
Reason(R): The temperature coefficient is resistance for insulator is also
positive.

Section-B (2 Mark each)

A heating element using nichrome connected to a 230 V supply draws an initial
current of 3.2 A which settles after a few seconds to a steady value of 2.8 A.
What is the steady temperature of the heating element if the room temperature
is 27.0 °C and the temperature coefficient of resistance of nichrome is 1.70 x
1074°c-17

Graph showing the variation of current versus voltage foe a GaAs is shown in

4
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i
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A

=
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5
Q

.

figure. Identify the region * Volage V
i) Negative resistance
i) Where ohm’s law is obeyed

Section-C (3-mark each)

Two cells of emfs E;and E,, and internal resistance r;andr, respectively are
connected in series. Obtain expression for the equivalent (i) emf and (ii)
resistance of the combination.

10)The four arms of a Wheatstone bridge have the following resistance AB = 100Q

, BC =10Q,CD = 5Q and DA = 601Q.



A galvanometer of 15Q resistance is connected across BD. Calculate the
current through the galvanometer when a potential
difference of 10V is maintained across AC.

Section-D (5 - mark each)

11)(a) On the basis of electron drift, derive an expression for resistivity of a
conductor in terms of number density of free electrons and relaxation time. On
what factors does resistance and resistivity of a conductor depend?

(b) Why alloys like constantan and manganin are used for making standard
resistors?

(c) The electron drift arises due to the force experienced by electrons in the
electric field inside the conductor. But force should cause acceleration. Why
then do the electrons acquire a steady average drift speed?

(d) If the electron drift speed is so small, and the electron’s charge is small, how
can we still obtain large amounts of current in a conductor?

(e) When electrons drift in a metal from lower to higher potential, does it mean

that all the ‘free’ electrons of the metal are moving in the same direction?
Section-E (Case study base question)

As an application of Kirchhoff’s rules consider the circuit shown, which is called
the Wheatstone bridge. The bridge has four resistors P, Q, R and s. Across one
pair of diagonally opposite points (A and C in the figure) a source is connected.
This (i.e., AC) is called the battery arm. Between the other two vertices, B and
D, a galvanometer G (which is a device to detect currents) is connected. This
line, shown as BD in the figure, is called the galvanometer arm. For simplicity,
we assume that the cell has no internal
resistance. In general there will be currents
flowing across all the resistors as well as a
current | g through G. Of special interest, is
the case of a balanced bridge where the
resistors are such that Ig = 0. We can easily
get the balance condition, such that there is
no current through G.




1.What is the principle of the Wheatstone bridge?

2.Name the instrument that is used as a null detector in the Wheatstone bridge.
3.Which among the following is a false statement?

a) A galvanometer is used as the null detector in a Wheatstone bridge

b) A galvanometer is an ammeter with low resistance in series

c) Wheatstone bridge is susceptible to high dc current

d) Due to the errors introduced in contact resistance, a Wheatstone bridge
cannot be used for accurate measurement

4.PR = QS is the equation of a balanced Wheatstone bridge. Is it true or false?
a) True b) False
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