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The most basic concept of an electrical circuit is shown above, which is the
» basis of this chapter. Here a duracell battery is used to light up a bulb using
| just wires and a switch. Fascinating concept that runs all our digital devices
daily!
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ELECTRIC CURRENT AND CIRCUIT

Electricity is a form of energy and can be readily
transmitted over large distances with relatively small
loss in energy. In this chapter we will discuss about
electric circuits, potential difference and flow of
current in an electric circuit. We will also discuss Ohm's
low and the heating effect of electric current and its
applications.

A continuous and closed path of an electric current is
called an electric circuit.

Electric Current

Electric current is expressed by the amount of charge
flowing through o particular of area in unit time. It
is defined as the rate of flow electric charges ie, the
charge flowing per unit time.

Let Q denate the amount of charge flowing across a
given point in the conductor in time t, then the current
flowing is given by, | = Q/t

Conventional Direction of Current flow

It is the direction in which the positive charges flow

which is opposite to the direction of flow of negative
charges.

O—O0—B0—
@—0—e—

Conventional
Current

Electron Current _

Conventional
Current

Ampere: One Ampere is defined as the current flowing
when 1 Coulomb of charge flows across a point in 1
second.

1 Coulomb
1 Ampere = —m

1second
Small quantities of current are expressed in
milliompere (1 mA = 1072 A) or in microampere (1 pa
=109 A).

Coulomb: It is the SI unit of charge and is the charge
carried by 6 X 10'¢ electrons, since the charge of 1
electron=16X 107 C.

Example 1. Calculate the number of electrons
constituting one coulomb of charge. [NCERT]

Ans. The charge on one electron (¢) = 1.6 X 107 C,

Also, Charge g = ne, where n is the number of
electrons. Therefore,

q_ 1

e 16x107%
Ammeter: It is an instrument to measure electric
current in a circuit and is always connected in series in
a circuit through which the current is to be measured,
The electric current flows in the circuit shown from the
positive terminal to the negative terminal of the cell
through the bulb and the ammeter.

o

n= =625x10% electrons

W

K
H < o
Figure above shows the schematic diagram of o
typical electric circuit comprising a cell, an electric
bulb, an ammeter and a plug key. The electric current
flowsin the circuit from the positive terminal of the cell

to the negative terminal of the cell through the bulb
and ammeter.

Flow of charge inside a conductor: When a wire is
connected to a bottery, the electrons which were
drifting randomly in oll directions, now becorne
aligned in a particular direction and current begins
to flow across the wire. When a steady current flows
through a conductor, the electrons in it move with o
certain average drift velocity,

| TopPic 2|
ELECTRIC POTENTIAL AND POTENTIAL DIFFERENCE

Electric Potential

Electric potential at a point is defined as the work
done in moving a unit positive charge from infinity to
that point.

Potential Difference

Potential Difference between two points on a
conductor carrying current is defined as the work
defined in moving a unit positive charge from one
point to the other.



FOLERIdL LhTerence = ———————————
Charge (Q)

Example 2. How much energy is given to each
coulomb of charge passing through a 6 VV battery?

[NCERT]
Ans. Itis given that chargeq =1 C, V= 6V,
We know that work done W=gV=1=x6J=6.

Therefore, 6J energy is given to one coulomb of
charge passing through 6 V battery.

tween two points in a current carrying condue-
tor when 1 Joule of work is done in moving a
charge of 1 Coulomb from one point to another.
1 Joule

1 Coulomb

Voltmeter: It is an instrument to measure the
potential difference. The voltmeter is always
connected in parallel across the points between
which the potential difference is to be measured.

1Volt =

| ToPIC 3|
CIRCUIT DIAGRAM

A circuit diagram is a schematics diagram of an electric
circuit in which different components of the circuit are
represented by conventionally used symbols.

No.
(1) An electric cell

Sumbols
_+{ s
(2) A barttery or a com- 4’"; |_| ‘_J —

bination of cells
_( )_.

Components

(3) | Plug key or switch
(open)

—(}—

.

(4) | Plug key or switch
(closed)

(5) | A wirejoint

(6) Wires crossing wi-
thot joining

(7)  Electric bulb

(%) oy

(8) A resistor of resis- —NVIWA—

tance R

(9)  Variable resistance
or rheostat

(10) Ammeter

_/\/\/C\A_OI'
R
+®_
+O_

{11) Voltmeter
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OHM’S LAW

Let us find out if there is any relationship between
the potential difference across a conductor And the
current through it

Example 3. Case Based:

Set up a circuit as shown in Fig. below, consisting of a
nichrome wire XY of length, say 0.5 m, an ammeter, a
voltmeter and four cells of 1.5V each.

ﬁ Vv '_'_[".." '_E_IV F:—]UH-

™

%

_ K
_4—1@—(-)__._._

First use only one cell as the source in the circuit. Note
the reading in the ammeter |, for the current and
reading of the voltmeter V for the potential difference
across the nichrome wire XY in the circuit Tabulate
them in the Table given,

Current  Potential
Numberof Through Difference v
S CellsUsed theNi- Acrossthe (Volt/Am-
No.  inthe | chrome Nichrome =
Circuit Wire,|  Wirev P

(Ampere)  (volt)

1 1

2) 2

3 3

4 4



respective readings of the ammeter and voltmeter for
the values of current through the nichrome wire and
potential difference across the nichrorme wire, Repeat
the above steps using three cells and then four cells in

the circuit separately.

GV

®)

©

©

[NCERT Activity 12.1]
Nichrome is an alloy of:

(a) Nickel and Chromium

(b) Nickel, Chromium and Iron

(c) Nickel, Chromium, Manganese and Iron

(d) Nickel, Chromium, Magnesium and lron

Select the correct observations when the

above activity is repeated with one cell, two

cells, three and then four cells:

() On increasing the number of cells in the
circuit, the reading of voltmeter increases.

(I) On increasing the number of cells in the

circuit, the reading of voltmeter decreas-
es.

(i) On increasing the number of cells in the
circuit, the reading of ammeter increases.

(IV) On increasing the number of cells in the
circuit, the reading of ammeter decreases.

(a) Both (I) and (IIf)
(b) Both (I) and (V)
(c) Both (I and (1)
(d) Both (i) and (IV)

A student tabulated the voltmeter and am-
meter readings as shown in the table below.
What conclusions can be drawn regarding V/l
ratio and the nature of the graph?

Potential

Num-  Current Differ-

ber of Through ence Vi
S. Cells the Ni- Across  (Volt/
No. used chrome  the Ni- Am-

inthe wire, | chrome  pere)

Circuit (Ampere) wire,V

(volt)
(1) 1 0.1 1.5 15
. (2) 2 _ 0.2 3.0 15

(3) 3 . 03 4.5 15
(4) 4 0.4 6.0 15

Will there be anu change if the position of the
voltmeter and ammeter are interchanged?

(E) Assertion (A) : The VI ratio increases linearly

with increase in potential dif-
ference.

Reason (R) : The V-Igraph is a straight line
that passes through the origin

of the graph.

correct explanation of the assertion.

(b) Both (A) and (R) are true, but (R) is not the
correct explanation of the assertion.

(c) (A) is true, but (R) is false.
(d) (A) is false, but (R) is true,

Ans. (A) (c) Nickel, Chromium, Manganese and Iron

Explanation: Nichrome is an alloy of Nickel,
Chromium, Manganese and lron commonly
used in resistances and heating elements,

(B) (a) Both {I) and (ll)

Explanation: On increasing the number of cells
in the circuit, the reading of voltmeter increases
as the potential difference across the nichrome
wire increases. When potential difference across
the nichrome wire increases, the current also
increases.

(C) The V/l ratio is a constant for the given
nichrome wire. The graph between V and | is
a straight line passing through the origin as
shown in the graph below:

Qv+
1.5V T

o))
5

4.5Vt

[
=

1.5V

Potential difference (V) —»

| 1 1 | 1 i

0 01 02 03 04 05 06

Current (A) —»
(D) Voltmeter is a device having high resistance
for measuring the potential difference and
is always connected in parallel across the
component whose potential difference is to
be measured. Ammeter is a device having
low resistance for measuring the electric
current flowing in the circuit. If the ammeter is
connected in place of voltmeter, it will get burnt
as all the current will flow through it since it
has very low resistance. Moreover, connecting
a high resistance voltmeter in the circuit will
increase the overall resistance in the circuit and
it will not show the correct values,

(E) () (4) is false, but [R) is true.

Explanation: The V-l graph is a straight line
that passes through the origin which shows
that the V/I ratio for a given nichrome wire is a
constant value that does not change. The value
of current | increases linearly when potential
difference V is increased.



conditions remaining the same, the current passing
through a wire is directly proportional to the potential
difference across the wire. In other words, V = | or, \V
= IR, where V is the potential difference across the
wire, | is the current flowing and R is the constant of
proportionality, known as the Resistance of the wire.

20

16

TR
=3

o
@

=
=

Potentiol difference (V) —»

i i i L L Il
0 01 02 03 04 05 06
Current (4) —m

Resistance

Itis a property of a wire which retards the flow of the
current through the wire. It is due to the opposition
encountered by the electrons as the electrons are
restrained by the attractive force of the atoms and
also due to the collisions with other electrons and with
the atoms.

1 Ohm

Itisthe unit of resistance. The resistance of a conductor
is said to be 1 Ohm when a potentiol difference of
1 Volt across the ends of the conductor produces a
current of 1 ampere.

Rheostat
It is a device which is used in an electric circuit to
change the resistance in the circuit.

Example 4. The values of current | flowing in

a given resistor for the corresponding values of
potential difference V across the resistor are given
below -

3.0 4.0
102 132

| (@mperes) 05 1.0 20
V (volts) 16 34 67

[NCERT]
Ans. The graph between V and | is drawn below:

resistance of that resistor.

Differarica &
g
™y

3

s
iR
i

!

Y : LA Fr

The resistance of the resistor can be found from
the graph by finding the slope of the VI graph,

R = slope of VI graph
Vo=V, 132-16 116

- w3A1
4-05 35 Ohm

ol
Example 5. How many 176 Q resistors (in parallel)
are required to carry 5 A on a 220 V line? [NCERT]

Ans. Itis given thatV = 220 Vond I =5 A.

V¥ 220
Therefore, required resistance R = T= = = 440
Let the number of individual resistors connected
in parallel be n. Then the effective resistance
these n resistors = 44 Q.

Effective resistance of resistances in parallel
combination is given by resistors

1 1 .1 1 n
— = — .-.—.+ —_—t = —
Req 44 R 176
176 :
=% n= H = 4 resistors

| TopPIC 5 |
FACTORS ON WHICH RESISTANCE OF A CONDUCTOR DEPENDS

Consider a wire of length L, area of cross section A
and having o resistance R. Then the resistance of the
wire directly proportional to the length of the wire and
inversely proportional to the area of cross section of
the wire. je,
Rz Land Roc 1A, or
R= pL/A

Example 6. Will current flow more easily through
a thick wire or a thin wire of the same material,
when connected to the same source? Why?

[NCERT]

Ans. Current will flow more easily through a thick
wire as a thick wire has a greater area of cross
section and hence less resistance. We know that
resistance is directly proportional to the area of
cross section and therefore resistance of a thick
wire will be less which means that current will
flow more easily as

Example 7. Let the resistance of an electrical
component remains constant while the potential
difference across the two ends of the component
decreases to half of its former value. What change
will oceur in the current through it? [NCERT]



be equal to R and potential difference across its
two ends be V. Therefore, according to Ohm's

lawV=IRorl= — .
i R

Now, if V becomes half or ; resistance re-

maining sarme,

Therefore, current also becomes half.
Resistivity

Itis an important property of materials and is defined
as the resistance offered by a cube of a material of
side 1 m when current flows perpendiculor to the
opposite faces,

Im -
im
Im

(a) (b)
It is measured in ohm-m. It is a characteristic property
of the material and varies with temperature, Metals
and alloys have very low resistivity but insulators
have very high resistivity.

Applications of Alloys

Alloys are used in electric heating devices such as

electric irons, geysers & toasters for the following

reasons:

(1) The resistivity of alloys is generally higher than
that of pure metals which form the alloy.

(2) They de not oxidize readily at high temperature
since resistivity changes less rapidly with changes
in temperature,

| ToPIC 6 |
RESISTANCE OF A SYSTEM OF RESISTORS

There are two methods of joining the resistors together.
Figure below shows anelectric dreuitin which threeredstors
having resistances Ry, Rz and Rz, respectively, are joined end
to end. Here the resistors are soid to be connected in series.

AAAASBANANSAANNN
f £ i)
=
|
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Figure below shows a combination of resistors in which
three resistors are connected together between points X
and. Here, the resistors are said to be connected in parallel.

¥ Ry R R N
L\ 4 g N
® ot
¥
A Yi
S () <

Resistors in Series

Ifthe resistors are connected in such a way that there
is only one path through current flows, they are said

to be connected in series. The potential difference V
is equal to the sum of the potential differences V4, V4
and V3. That is the totol potential difference across a
combination of resistors in series isequal to the sum of
the potential difference across the individual resistors,
That is,

V=Vi+Vs+\Vs3

The effective resistonce in series combination is given
bgR=R1+RQ+R3

Resistors in Parallel

If the resistors are connected in such o way that the
potential difference across each resistor is same, they
are said to be connected in parallel

Example 8. Case Based:

Make a parallel combination, XY, of three resistors
having resistances Ry, Rs, and R3, respectively. Connect
it with a battery, a plug key and an ammeter, as
shown in Fig-1 below

k4




combination of resistors.

Let us take resistances Ry, Ra, and Rz of values 2 0, 4
0 and 12 ) respectively and let V = 6 V.Plug the key
and note the ammeter reading. Let the current be |,
Also take the voltmeter reading. It gives the potential
difference V. across the combination. The potential
difference across each resistor is also V.

Take out the plug from the key. Remove the ammeter

and voltmeter from the circuit Insert the ammeter in

series with the resistor Ry, as shown in Fig. 2 below
+

s R g
R3
Fig. 2

Note the ammeter reading, |1 Similarly, measure the

currents through R and R Let these be I3 and I3,

respectively.

(A) Refer to Fig. 1 in the given activity. A student
recorded the readings of voltmeter and am-
meter in a table as given below, Select the row
containing correct observations.

Reading of Reading of
Voltmeter (V) Ammeter (1) (Amp)
(Volt)
) 6V 7.2A
(b) 6V 5A
(@ v 10 A
(@ 3V 15A

(B) The reading of the ammeter when it is con-
nected in series with the resistor R1 is:

(@) 0.5A (b) 1.5 A
(@3A (d)5A

(C) What is the relation between the total current
and the currents flowing in each of the resistors?

(D) What is the relation between the current flow-
ing in resistors R; and Ry and their resistances?

(E) Assertion (A) : The ammeter readings will
be different when connected
through any of the resistors Ry,
R2 or Rg.

Reason (R) : The current flowing through
any resistor can be found by

using Ohm's law.

correct explanation of the (A).

(b) Both (A) and (R) are true, but (R) is not the
correct explanation of the (A).

(c) (A) is true, but (R) is false,
(d) (A) is false, but (R) is true.

Reading of Voltmeter (V): 6 V; Reading of
Ammeter (I): 5 A

Ans. (A)(b) Reading of Voltmeter: 6V: Reading of
Ammeter: 5 A

Explanation: The reading of voltmeter = 6 V and
reading of ammeter = 5 A as the resistances are
connected in parallel and the current across the
resistors Ry, Ro and Ry will be 6/2 or3 A 6/4 or
1.5 Aand 6/12 or 0.5 A respectively. Therefore,
total current will be 5 A, Voltmeter reading will
be the potential difference = 6 V.
(B) (c) 3 A
Explanation: When the ammeter is connected
in series with the resistor Ry, it will show the
current flowing |1 through the resistor Ry which
can be found by using Ohm's law.

V=1Ry
V 6
=5 I1=R—=§ =3A

1
(C) The total current | is equal to the sum of
the currents flowing in each of the resistors. If
I is the total current and the current flowing in
resistors Ry, Ry and Ry is given by Iy, I and s
respectively, then | = Iy + |2 + |a.

(D) The currents l; and I3 flowing in resistors
Rz and Rz respectively are calculated by using
Ohm's law, keeping in mind that V is same for
all resistors connected in parallel.

V B

= —=—A =
= g =gh =154
vV 6
d ly= —=——A =05A
an TR, 12

Ratio of l2: 153 = 1.5:0.5 = 3 : 1 whereas ratio of
R;:R3=4:12=1:3

Therefore, we can conclude that the currents |3
and I3 flowing in resistors R; and R respectively
are inversely proportional to the resistances.

(E) (b) Both (A) and (R) are true, but (R) is not the
correct explanation of the (A).

Explanation: The ammeter readings will be different
when connected through any of the resistors Ry, Rz
or Rz as the potential difference across the resistors
in parallel is same but current divides itself in the
branches inversely as the resistance in that branch,



proportional to its resistance resulting in the smaller
resistonce having the larger current. Ohm's law
is used to find the cument flowing in each branch
through any resistor.

The total current | is equal to the sum of the

separate currents through each branch of the

combination. | = I + |2 + s

The effective resistance in parallel combi-nation
- S |

- 1
is givenby —=—4—4+—

Ry Ry Ry

Example 9. An electric lamp of 100 Q, a toaster
of resistance 50 0, and a water filter of resistance
500 Q are connected in parallel to a 220V source.
What is the resistance of an electric iron connected
to the same source that takes as much current
as all three appliances, and what is the current
through it? [NCERT]
Ans. Let the resistance of electric lamp, toaster and
water filter be denated by Ry, R2 and Ra respec-
tively.
Then, Ry = 100 2, r; = 50 Q and Rz = 500 Q.
As the three appliances are connected in par-
allel, the resistance of an electric iron connect-
ed to the same source should be equal to the

equivalent resistance of the three appliances in
parallel (since current is same).

Equivalent resistance is given by

1. 3.4 .

—_———p —

R. R, R, R,

Therefore, i.—. i.{.i L:%:
100 50 500 500
..E'..E.i..:R :@2:31250}1”1.
500 N 6

Therefore, resistance of an electric iron connect-
ed to the same source that takes as much cur-
rent as all three appliances = 31.25 Ohm,

Current. through the iron is calculated using

Ohm’s law, V = IR or f=£— I

=——=7.044A
R 31325

Comparison of Resistors in Series and Parallel

Resistors in Series Resistors in Parallel

The resistance of the The sumofthe reciprocals
combination of resistors  of the individual
is equal to the sum of resistances is equal to the
the individual resistors.  reciprocal of equivalent
resistance, R

oo T T R T T el T T T

the combination s
equal to the sum of the
voltage drop across the
individual resistors.

The current is same in
every part of the circuit

R=Ri+ Rz +R3, where
Ri, Ry and Rs are the
resistonces in  series
and R is the equivalent
resistance.,

ST TR EEERGE T e R

resistor is the same
and is alse equal to the
voltage across the whole
group.

The currents in various
resistors are inversely
proportional  to  the
resistances. The total
current is the sum of
the currents flowing in
different branches.

+i+-1_,whﬁrﬂ

=
R, R

1_
R
Ri Ry & Rz are the
resistances  in  series

and R is the equivalent
resistance.

Example 9. How can three resistors of resistances
20 30 and 6 O be connected to give a total

resistance of (a) 4 Q, (b) 1 O7

[NCERT]

Ans. (a) For getting a total resistance of 4 0, we
should connect the resistors as shown below:

3Q
20
AW S
A 60 B
L AWW—

The equivalent resistance of parallel com-

bination of 3 Q and 6 O s given by
R R S IR )
R, 36 6 6 =

When this combination is connected with a 2 0
resistor, the total resistance = 2 + 2 = 400

(b) For getting a total resistance of 1 0, we
should connect all the resistors in parallel as

shown below:;

AN
/ 30 \
A \ bl 3
60 /
AN
The equivalent resistance of three resistors in
el is iven b 1ﬁ1+1+1ﬁ1+1+1
parallelisgivenby ——=—+—+—=-+—+—
R, R R, R 2 386
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HEATING EFFECT OF ELECTRIC CURRENT

Electric Energy

Work must be done continuously to maintain current
in a conductor as the conductors offer resistance to
the flow of current. The amount of work done W in
carrying a charge Q through a wire of resistance R in
time tis given by W = QV. Since Q = | X t, therefore, W =
VXX t, whereV is the patential difference across the
wire. Since by Ohm's law, V = IR, therefore, W = I’Rt.

The electric energy dissipated or consumed is directly
proportional to the square of the current |, directly

proportional to the resistance R and to the time t
during which current flows. H= I°Rt.

Joule’s Law of Heating

The relation H = PRt implies that heat produced in a
resistor is directly proportional to the square of current
for a given resistance and directly proportional to the
resistance for a given current and directly proportional to
the time for which the current flows through the resistor,

Example 11. Two conducting wires of the same
material and of equal lengths and equal diameters
are first connected in series and then parallel in
a circuit across the same potential difference.
The ratio of heat produced in series and parallel
combinations would be :

(@ 1:2 (b)2:1
(€)1:4 (d)4:1 [NCERT]
Ans. (c) 1:4

Explanation: The resistances of the two
conducting wires of same material and equal
lengths and dimensions are equal. Let it be
denoted by R. The heat produced in a resistor is

; v
givenby p="¢.
R
When the two resistances are first connected in
series, their effective resistance = 2R and when
connected in parallel, their effective resistance
=R/2.

When connected in series, the heat produced
2
would be H. =Vit and when connected

in parallel, the heat produced would be

i

Applications of Heating Effects of
Current

The electric iron, toaster, oven, kettle, etc. are some
of the electrical devices which are based on Joule's
heating. The electric heating is also used to produce
light, The fuse is another application of Joule's heating.

The Electric Bulb

The filament of the bulb must retain as much of the
heat generated as is possible so that it gets hot and
emits light. A metal having high melting point such
as Tungsten should be used so that it doses not melt
at very high temperatures, The filament should be
thermally isolated. The bulbs are filled with inert
gases such os nitrogen and argon so os to prolong the
life of filament.

Fuse

It protects circuits ond appliances by stopping the
flow of any unusually high electric current. The fuse
is placed in series with the device It consists of a piece
of wire made of a metal or an alloy of appropriate
melting point. If a current larger than the specified
value flows through the circuit, the temperature of
the fuse wire increases which melts the fuse wire and
breaks the circuit

Example 12. Why does the cord of an electric
heater not glow while the heating element does?
[NCERT)
Ans. Cord of an electric heater is made up of good
conductor of electricity such os copper having
low resistivity whereas the heating element is
made up of a material having higher resistivity
and hence higher resistance. Therefore, heat
produced will be much more in heating element
than the cord as heat produced depends on the
resistance. Hence the cord of an electric heater
does not glow whereas the heating element
glows.

Example 13, Compute the heat generated while
transferring 96000 coulomb of charge in one hour
through a potential difference of 50 V. [NCERT]

Ans. It is given that Charge q = 96000 Cand t =1
hour, V=50 V.

Heat generoted is given by H=VJt=V><q—xr=
t

=V xq=50x96000=4800kJ
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ELECTRIC POWER

Electric power is defined as the rate at which electrical

work is done or the rate ot which electrical energy is

consumed or dissipated, The power Pis given by
P=Wt=FR

Watt

Watt is the unit of power and is defined as the power
consumed when 1 A of current flows at a potential
difference of 1 V. Thus, Electric Power in Watts = Volt
ampere.

When electrical energy is consumed ot the rate of 1 J
per second, power consurned is said to be 1 Watt

Kilowatt hour

Kilowatt hour is the commercial unit of electric energy
and is defined as the energy consumed when 1 KW is
used for 1 hour.

1 kWh =1 kW x 1 hour = 1000 watt = 3600 second =
3.6 x 10%joule

Electrical appliances are not connected

in series

Different appliances need different values of current
for their proper operation. Whereas, in a series circuit,
the current is constant throughout the circuit. Also,
when one component fails in a series circuit, the entire
circuitis broken and none of the components work. On
the other hand, a parallel circuit divides the current
through the electrical gadgets.

Example 14. An electric bulb is rated 220 V and
100 W. When it is operated on 110 V, the power
consumed will be:

(a) 100 W
()50 W
Ans. (d) 25 W

Explanation; It is given that P = 100 W and
V = 220 V. Therefore, we will first colcu-
late resistance of the bulb using the formula

2
R:V—=M=4B4 OChm.
P 100
When this bulb is operated on 110 V, power

consumed will be

(b) 75 W

(d)25 W [NCERT]

2
P=V_: 110x110 _ 12100 —95W
R 484 484

Example 15. Compare the power used in the 2
Q resistor in each of the following circuits: (A) a 6
V battery in series with 1 0 and 2 Q resistors, and
(B) a 4 V battery in parallel with 12 0 and 2 O
resistors. [NCERT]

Ans. (A) The figure below shows a Y battery in se-
ries with 1 Q and 2 Q resistors.

10 20
——ANAAMPARN S ————ANMAAARAN———

~HH-

6V
The total resistance in the series circuit =1 0 +
20 =30,
Current, I =R =6/3A=2A,
Power used in the 2 Q resistor = PR=2 x 2 x 2
=8W
(B) The figure below shows a 4 V battery in par-

allelwith 12 Q and 2 Q resistors,
120

20
—— AN

HHF
The current through the 2 Q resistor = VR = 4/2 =
2A (since the two resistors are connected in paral-
lel, the potential difference across themn is same),

Power used = I’'R=2 x 2 x 2 = 8W.

Therefore, the power used in the 2 Q resistors in
both the circuits Is same.
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Multiple Choice Questions

1. The values of mA and pA are:

(@) 107° and 10°° A respectively

(b) 107 and 107% A respectively

(©) 107 and 107 A respectively

(d) 10°® and 10~* A respectively [CBSE 2020]

Ans. (b) 107 Aand 1079 A

Explanation: An ampere is the Sl unit of
electric current

1A=1000mAOrl1mA-= 1—A=10'3A
1000

1puA=103x 103A =10 A

2. @p cylindrical conductor of length ‘[
and uniform area of cross-section 'A' has
resistance ‘R. Another conductor of length
2.5 | and resistance 0.5 R of the same
material has area of cross-section.

(a) 5A (b) 2.5A
(c) 0.5A @ 1A
5 [CBSE 2020]

3. ldentify the circuit in which the electrical
components have been properly connected.

0 —fF—o— M

(a) () (b) (i)
(© (m (d) (V)  [CBSE 2013]
Ans. (b) (Il)

Explanation: In figure (I), the voltmeter is
connected in series (not parallel). Similorly,
in figure (lll), the ammeter is in parallel which
should be in series. In figure (IV), the negative
terminal of battery has been connected to the
positive terminal of the ammeter, whereas it
should be connected to the negative terminal.

@ Related Theory

= Essential conditions when components connected:
(1) The voltmeter should be connected in parallel
(2) The ammeter should be connected in series.
(3) Positive terminals of the voltmeter and ammeter

should be connected to the positive terminal of
the cell and theilr negative terminals should be
Jjoined to the neqative terminal of the cell

4. ®if person has five resistors each of value

%s‘z. then the maximum resistance he can

obtain by connecting them is:
(a) 1 Q (b) 5Q

{c) 10 Q (d) 25 Q [CBSE 2020]

5 ®What is the minimum resistance which can
be made using five resistors, each of % Q?

@ %+ 0 ®) 2c O

(d) 250
[CBSE 2015, 13, 12]

© %n

6. The resistance of a resistor is reduced to
half of its initial value. In doing so, if other
parameters of the circuit remain unchanged,
the heating effects in the resistor will
become:

(a) two times
{c) one-fourth

(b) half
(d) four times

[CBSE 2020]
Ans. (g) two times
Explanation: Resistance of a resistor R £

. i R
New resistance of a resistor E Q

All other parameters of the circuit remain
unchanged

By applying Joule's law of heating
H=FRt

As per Ohm'slaw V=IR Or | =

=

2
H= Exzxﬁxt Or V—xt
R R R

Caose | Case ll
2

’ t

V2 H=E B
H:Exf 2

V2 x32

= wl
R
H=H=«?2




become two times if all other parameter of the
circuit remain same.

7. @At the time of short circuit, the electric
current in the circuit:

(a) vary continuously
(b) does not change
(c) reduces substantially

(d) increases heavily [CBSE 2020]

8. Two bulbs of 100 Q and 40 £ are connected in
series. The current through the 100 Q bulb is 1
A. The current through the 40 Q bulb will be:

(a) 0.4 A (b) 0.6 A
(c) 0.8A d 1A [CBSE 2020]
Ans. (d) 1 A
Explanation:
40'W 100 W

()

CA) A J

=

+ -
I

In a seres combination of resistors (bulbs) the

current is the same in every part of the circuit os

current does not change in series combination so

both the bulbs get equal amount of current. Hence
the current throtugh the 40 Q bulb will be 1A,

fo}
ol

9. When a 4 V battery is connected across an
unknown resistor there is a current of 100
mA in the circuit. The value of the resistance
of the resistor is:

(a) 4 O (b) 40 O
(c) 400 2 (d) 0.4 ©
Ans. (b 40 0
V=IR V=4V
=100 mA=01A
Hence R = K: iﬂ:‘wﬂ
) 01

[CBSE Marking Scheme 2019]

10. @The equivalent resistance of a series
combination of two resistances is X Ohm. If
the resistance are of 10 Ohm and 40 Ohm
respectively, the value of X will be:

(a) 10 Ohm (b) 20 Ohm

(c) 50 Ohm (d) 40 Ohm  [Diksha]

expressed as:
(a) volt-ampere
(c) watt-second

(b) kilowatt-hour

(d) joule-second
[CBSE 2019]

12. If the resistance of a certain copper wire is 1
02, then the resistance of a similar nichrome
wire will be about:
(a) 25 Q2
(c) 60 0

Ans. (c) 600

Explanation: If the resistance of a certain
copper wire is 1 €], the resistance of a similar
nichrome wire will be about 60 Q2 because the
resistivity of nichrome is 80 times the resistivity
of copper.

o) 30Q
) 45Q

13. @rhe resistivity of a certain material is 0.6
m. The material is most likely to be:
(a) an insulator (b) a superconductor
(c) a conductor (d) a semiconductor

14. A cell, a resistor, a key and an ammeter are
arranged as shown in the circuit diagrams of
figure. The current recorded in the ammeter
will be:

e oy
I’ N

M vz

> K
I -
()
b)
4 I e
— VW (o} | |
(i
pay

(a) Maximum in (1)
(b) Maximum in (1)
(c) Maximum in (Il
(d) The same in all the cases
Ans. (d) The same in all the cases
Explanation: In series connections the order

of elements in the circuit will not affect the
amount of current flowing in the circuit



current is:
(o) galvanometer
(c) voltmeter

(b) ammeter
(d) potentiometer

16. A student plots V-I graphs for three samples
of nichrome wire with resistances Ry, R; and
Rs. Choose from the following the statement
that holds true for this graph.

V—»
(h) R1 > Rz > Rg
(d) R2 > R1 > Rg
[CBSE 2020]

(o) R1=R2=R3
(C} R3>R2>R1

Ans. (d) Ry >Ry >R3
Explanation: As is clear from the graph, the
current for A; conductor is less than A4 and A

is less than A1 We can say faz < fa1 < las
RQle)Rg (AS.R:V)

A

i

V—>

v

17. The maximum resistance which can be made

; y ; i A
using four resistors each of resistance > Qis:

(@) 20 ()10
(€250 (d)8 Q2  [CBSE 2020]
Ans. (a) 20

Explanation: When a number of resistances
are connected in series the resultant resistance
is egual to the sum of the individual resistances
and is greater than any individual resistance.
Four resistors are given:

i

R== Q

2
R=Ri+Ro+R3+Ry4
r A 2 3
=t =t =+ =

2 2 2 72
_1+1+1+1

= 2
=q—=2§1

2

' i 4
made using four resistors each of resistance 3
Qis 20

18. @A current of 2 Ais drawn by a conductor on
appluing a potential difference of 6 V across
its ends. The number of electrons passing
through a cross section of the conductor
and the heat generated in the conductor in

8 seconds is:
Number of Electrons Heat Generated
Passingin8s inBs
(a) 1.6 x 102 24
(b) 10%0 96J
(© 1.28 x 10718 3.6 x 10°J
(d) 1030 96 J

19. @1he resistivity of four wires A, B, C and D
are of the order of 1012, 10 10® and 104
respectively. If the wires are of equal lengths
and equal areas of cross section, then select
the row containing the correct information:

Resistance Nature
(a) Resistance of C will C is the best
be the least conductor of
electricity

(b) Resistance of A will Aisa goodconductor
be the largest of electricity

(c) Resistance of B will Bis a poor conductor

be the largest of electricity
(d) Resistance of D will D is the best
be the least conductor of
electricity

20. Given below are four statements on
resistance of a conductor. Select the incorrect
statements:

() If in an electric circuit, the resistance is
doubled the voltage also gets doubled.

() I in an electric circuit, the resistance is
halved the current gets doubled.

() Variable resistance is a component used
to regulate voltage without changing
the current.

(V) In an electric circuit, a device called
rheostat is used to change the resistance
in the circuit.

{a) Both(l) and (II)
{(b) Both () and (1il)
(¢) Both (I1) and (IV)
(d) (), (i) and (IV)



Explanation: According to Ohm's law, V = IR.
Therefore, | = %

It means that if resistance R is doubled, the
current gets halved, but the voltage remains
same. Similarly, if resistance is halved, current
gets doubled.

21. @Givan below are four statements about
resistivity. Select the incorrect statements:

(D Resistivity is a characteristic property
of the material and varies with
temperature.

() Resistivity depends on the length and
area of cross section of the conductor.

() Metals and alloys have very low
resistivity and are good conductors of
electricity.

(V) Insulators have low resistivity of the
order of 1012 t0 107 Q m.

(a) Both (I) and (1)

(b) Both (I) and (II)

(c) Both (1) and (1)

(d) Both (II) and (IV)

22. Select the correct statements from the
statements given below:

() Inaparallel circuit the currentis constant
throughout the electric circuit.

(i) Ina parallel circuit the other components
keep working even if one component fails.

() In a series circuit when one component
fails, the circuit is broken and the other
components stop working.

(V) In a series circuit the current is divided
among the electrical gadgets depending
upon their resistance.

(a) Both (I) and (i)

(b) Both (i) and (il

(c) Both (111) and (IV)

(d) (1, (1) and (V)

Ans. (b) Both (Il) and ()

Explanation: In a series circuit, the current
is constant through the electric circuit and if
one component fails, the other components
also stop working. Whereas in a parallel
circuit, the current is divided among the
different components depending upon their
resistance and if one component fails, the other
components keep working.

2 3. The unit of potential difference is:
(@)JC (b) JJC
©J (d) cl

Explanation: Potential difference between
two points in an electric field of a given charge
is defined as the work done in moving a unit
positive charge from one point to another. As

w
V= E . the unit of potential difference is Joule/

Coulomb or J/C.

24. @if both the length of a conductor and its
radius is doubled, the ratio of new resistance
and original resistance will be;

(@)1:1 (b)2:1
{c)4:1 (d)1:2

25. When a 2 Q) resistor is connected across the
terminals of a 6 V battery, the charge (in
coulombs) passing through the resistor per

second is:

(a) 0.5 (b) 2

(c)3 (d) 4
Ans. (c) 3

Explanation: The charge passing through o
resistor per second is the same as current
passing through the resistor since current is
defined as the rate of flow of charges. The
current flowing is found by using Ohm's law, V
= IR. Therefore, | = VR = 6/2 = 3A, which is the

same as charge passing in one second.

26. @p battery of 6V is connected in series with
resistors of 0.1 ohm, 0.2 ohm, 0.3 ohm, 0.4
ohm and 2 ohm, How much current would
flow through the 0.3 ohm resistor?

(a) 0.895A (b)1.2A
(€) 2 A (d)3A

Assertion-Reason Questions

For the following questions, two statements are

given—One labeled Assertion (A) and the other

labeled Reason (R), select the correct answer to

these questions from the codes (a), (b), (c) and (d)

as given below:

(a) Both (A) and (R) are true and (R) is correct
explanation of the (A).

(b) Both (A) and (R) are true but (R) is not correct
explanation of the (A).

(c) (A)is true but (R) is false.

(d) (A) is false but (R) is true.

27. Assertion (A): At high temperatures, metal
wires have a greater chance
of short circuiting.

: Both resistance and resistivity
of a material vary with tempe-
rature. [CBSE 2020]

Reason (R)



28.

29.

30

Ans.

correct explanation of the (A).

Explanation: At high temperatures, the free
electrons start moving at a greater speed and
more heot is evolved. The increased amount
of heat melt the insulation of wires and
wires have greater chance of short circuiting.
Sometimes the short circuit may even melt the
wire and it may cause fire,

Both resistance and resistivity vary with
temperature. When the temperature is
increased, the random motion of electrons
increoses, As a result the number of collision
increases between atoms and electrons.

@pssertion (A) : When two ends of a metallic
wire are connected across
the terminals of a cell, then
some potential difference
is set up between its ends.
The direction of electrons
are from positive terminal to
negative terminal of the cell.

Reason (R} : Electronsare flowing through
the conductors from its
higher potential to its lower

potential end. [Diksha]

@assertion : A fuse wire is always
connected in parallel with the
mainline.

Reason : If a current larger than the
specified value flows through
the circuit, fuse wire melts.

[CBSE 2019]

Assertion(A) : Electric  applionces  with
metallic body have three
pin connection, whereas an
electric bulb has a twe pin
connection.

Reason (R) : Three pin connection reduce

heating of connecting wires.
[Diksha]
{c) (A)is true but (R) is false.
Explanation: The three connection of electric
appliances with metallic body are live wire,
neutral wire and earth wire. The live and
neutral wire supply electric current to the
applionce, whereas the earth wire, which is
connected to the metal body of the electric
applionce, protects us from electric shock in
case we touch the metal body of applionces,

directly to the earth through the earth wire
and we do not feel the electric shock.

On the contrary, three-pin connection do not
reduce heating of connecting wires.

31, @pssertion (A): In a purely resistive circuit,

the source energy s
dissipated in the form of
heat.

Reason (R) : The potential difference
across the ends of a
conductor is directly

proportional to the current
flowing through it.

32. Assertion (A): Alloys are commonly used in

electrical heating devices like
electric ion and heater.

Resistivity of an alloy is
generally higher than that
of its constituent metals but
the alloys have low melting
points then their constitutent
metals. [CBSE 2020]

Reason (R):

Ans. (a) Both (A) and (R) are true and (R) is correct

explanation of the assertion.

@ Related Theory

= Alloys have resistivity that of its constituent elements

because alloys have better properties than that of
metals. Resistivity is the property of material that
explains how strongly the material opposes flow
of electrons. Higher the resistivity, smaller will be
the conductivity fe. why alloys are used in electrical
heating devices.

Metats have higher melting point as the atems are
arranged in a regular manner and farm a strong
bond whereas alloys are maode up of different
metals. The different sizes of atems in an alloy make
their arrangement less regular than a pure metal.
This makes the bonds between the atoms weakers
and lowers the melting point.

Very Short Answer Type Questions

33. @Deﬂne resistance. Give its S.I. unit.

[CBSE 2019]

34, Define the term electrical resistivity of a

material, [CBSE 2019]

Ans, Electrical resistivity is defined as the electrical

resistance of a conductor having cross-
sectional area 1 m? and length 1m,

@ Related Theory
= Sl unit of electrical resistivity is ohm m (Wm)
= [t is o characteristic property of the material

and varies with temperature.



insulators have very high resistivity. parallel. If you are not provided with any
other parameters (eg. Numerical value of |

35. @How will the heat produced in a resistor and R). What can be said about the voltage
R change if its resistance is reduced to half drop across the tow resistors?
of its initial value, other parameters of the Ans. Voltage-drop is same across both the resistors.

ircuit i h d? . .
SRS IRTRD urehene Explanation: In parallel connection, all the

36. The temperature of the filament of bulb is elements are connected between same two
2700°C when it glows. Why does it not get points hence the voltage drop across any
burnt up ot such high temperature? number of resistors or other elements

Ans. Filament of bulb is made using strong metals Connected in parallelis same. Thus the voltage
having high melting peoints such as Tungsten drop across the two resistors is same

which has melting point of 3380 °C, which is

higher than the temperature at which it glows 39. @some work is done to move a charge

Q from infinity to a point A in space. The
37. @should the resistance of an ammeter be potential of the point ?A is given as V. What

low or high? Give reason. [CBSE 2014] is the work done to move this charge from
infinity in terms of Q and V7?7

( COMPETENCY BASED Questions (CBQs) )

[ ], 4 &5 marks]

40. The following table given below shows the 41. Shivani 8 had studied in her class that an
resistivity of three materials X, Y and Z Analyse electric bulb consists of a filament made up
the table and answer the following questions: of a metal having high melting point such

as tungsten. Also, the bulbs are filled with a

Sampies % L 4 chemically inert gas such as nitrogen or argon
Resistivity 3 x 107 11.1 x 18 x 107V to proleng the life of filament.
10

(A) Arrange the samples in increasing order
of conductivity.

(B) Which of these is best conductor?

(C) ®Which are these is best insulator?
(a) X (b) Y
(92 (d) None of these

(D) Electrical resistivity of a given metallic
wire depends upon:
(a) Its length A current of 1 A is drawn by a filament of

anelectric bulb. The number of electrons

(b) fts thickness passingthrough a cross-section of the
(c) Its shape filament in 16seconds would be roughly:
(d) Nature of the material (a) 10%° (b) 1018

Ans. (&) Conductivity is inversely propotional to (c) 1018 (d) 1023 [NCERT]

resistivity so Y < X < Z.
HEENRD S INR Ans. (@) 10%°

(B) Zisthe bestinsulator as it has least resistivity. . .
Explanation: Electric current, [ = 1 A

(D) (d) Nature of the material

Explanation: The resistivity of a material
depends on the nature and the temperature of No. of electrons, n = ?

the conductor, but not its shape and size. We know that current is the amount of electric

Time, t = 16 seconds
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conductor in 1 second.

|:2_@

t L

It _ 1«16
e " 16«10

= n=10x 10Y

= .=

= 10?%% electrons

The number of electrons flowing is 10°° electrons.

42. The following table given below shows the

information about two heaters Aand B. Analyse
the table and answers the following questions:

Power Voltage
Heater A 100w 220V
Heater B 150w 220V

(A) @Which Heater has higher resistance?

(B) If 1KWh is priced at 30 paise, which
heater will be costlier if they run for 1
hours each?

@prateek bought a new battery for his laptop
as the earlier battery would not stay charged
for more than 5 minutes. He learnt that a
battery consisted of cells combined together in
a particular manner.

The proper representation of series
combination of cells obtaining maximum
potential is:

m A= (ORHIES

(o) 4—=HH= (W)=l

(@) () (b) ()

(© (m (d) (V)  [CBSE 2013]

44, @Tuke a nichreme wire, a torch bulb, a 10 W

bulb and an ammeter (0- 5 A range), a plug
key and some connecting wires. Set up the
circuit by connecting four dry cells of 1.5 Veach
in series with the ammeter leaving a gap XY in
the circuit, as shown in Fig. below.

T el =

Nichrome wire 10 W bulb

-

u HH —{ Torch bulb

Complete the circuit by connecting the
nichrome wire in the gap XY. Plug the key. Note
down the ammeter reading. Toke out the key
from the plug. Replace the nichrome wire with
the torch bulbin the circuit and find the current
through it by measuring the reading of the
ammeter, Now repeat the above step with the
10 W bulb in the gap XY.

Next, complete an electric circuit consisting of
a cell, an ammeter, a nichrome wire of length [
[say, marked (1)] and a plug key, as shown in Fig.
below.

fC 1) o / {f)_

e 0

Now, plug the key. Note the current in the
ammeter. Reploce the nichrome wire by
another nichrome wire of same thickness but
twice the length, that is 2 [marked (2) in the
Fig. Note the ammeter reading. Now replace
the wire by a thicker nichrome wire, of the
same length { [marked (3)] A thicker wire has
a larger cross-sectional area. Again note down
the current through the circuit
Instead of taking a nichrome wire, connect
a copper wire [marked (4) in Fig. 2] in the
circuit. Let the wire be of the same length and
same area of cross-section as that of the first
nichrome wire [marked (1)].

[NCERT Activity 12.2, 12.3]

(A) The observation regarding ammeter
readings on connecting the different
components nichrome wire, torch
bulb and a 10 W bulb in the gap XY is
tabulated below.

Select the row containing the correct
observation and its explanation.

Observation Explanation

Reading of Current flowing in

ammeter will be a circuit depends
same in all cases only on the potential
difference



(©)

(d)

T - Temn g RERSRTEEES, T es TR AT g T T R R
ammeter will be used are good
same in all cases conductors of electric

current.
Reading of All components resist
ammeter will the flow of electric
be different current by different
for different amounts
components
Reading of All components offer
ammeter will equal resistance to
be different the flow of electric
for different current.
components

(B) Refer to the second activity and select
the incorrect observations:

() The ammeter reading will be same
in both cases when nichrome wire,
marked (1), and copper wire, marked
(4), both of length L and area of cross
section A are connected one by one
in the circuit.

() The ammeter reading will be
different in both cases when
nichrome wire, marked (1), and
copper wire, marked (4), both of
same length and cross section are
connected one by one in the circuit.

() The current will be double when
nichrome wire, marked (2), of length
2l and area of cross section A is
connected as compared to nichrome
wire, marked (1) of length | and area
of cross section A.

(IV) The current will be double when
nichrome wire, marked (3), of length
|l and area of cross section 2A is
connected as compared to nichrome
wire, marked (1) of length | and area
of cross section A.

(a) Both (1) and (i)

(b) Both (i1) and (lil)

(c) Both (I) and (IV)

(d) M), 1) and (IV)

(93] @Select the incorrect statement:

(a) The flow of electrons within a
conductor is restrained by the
attraction of the atoms among
which they move.

(b) The electrons are completely free to
move within a conductor.

a conductor is retarded by its
resistance.

(d) A component of a given size that
offers a low resistance is a good
conductor.

(D) ®What will be the effect on current
flowing in the circuit when length is
made double?

(a) Current will remain same

(b) Current will become double

(c) Current will become half

(d) Current will becorme four times

{E) @What will be the least count of an

ammeter of range 0 - 1.5 A shown below:
05 10

(@) 0.1 A
(b) 0.2 A
(c)0.02 A
(d) 0.05 A

Ans. (A) (c) Observation: Reading of ammeter will

be different for different cormmponents
Explanation: All components resist the
flow of electric current by different
amounts
Explanation: The current is different
for different components as certain
components offer an easy path for the flow
of electric current while the others resist
the flow. The motion of electrons through
a conductor isretarded by its resistance.
(B) (a) Both () and (1)
Explanation: The ammeter reading will be
different in both cases when nichrome wire,
marked (1), and copper wire, marked (4),
both of same length and cross section are
connected one by one in the circuit. This is
because copper and nichrome are made up
of different materials and resistance of a
wire depends on the nature of the materiol
The current will be double when nichrome
wire, marked (3), of length | ond area of
cross section 2A is connected as compared
to nichrome wire, marked (1) of length |
and area of cross section A. This is because
a thicker wire offers lesser resistance and
hence current flowing will be more through
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wire. However, on increasing the length
of a conductor to 2, the resistance also
becomes double and therefore current
decreases to half of its value,

@wires used for electrical connections have
different properties and hence different ratings.
So, one must select wires of proper rating to
be used for different appliances as different
appliances have different requirements.

Electrical resistivity of a given metallic wire-
depends upon:

(a) Its length

(b) Its thickness

(c) Its shape

(d) Nature of the material

486, Join three resistors of different values, say, 1 £,

20 and 3 O etc, and a battery of 6 V in series.
Connect them with a battery, an ammeter and
a plug key, as shown in Fg. below.

x Ry Ry Rsa
v N
(V)
=)~
Wi
i PH T IS fE-\ &
LR A A <

Plug the key. Note the ammeter reading.
Change the position of ammeter to anywhere
in between the resistors. Note the ammeter
reading each time,

In the next activity, insert a voltmeter across the
ends X and Y of the series combination of three
resistors, as shown in Fig. below. Plug the key
in the circuit and note the voltmeter reading.
It gives the potential difference across the
series combination of resistors. Let it be V. Now
measure the potential difference across the
two terminals of the battery. Compare the two
values. Take out the plug key and disconnect
the voltmeter. Now insert the voltmeter across

K
+ —

—HHH ) B
Plug the key and measure the potential difference
across the first resistor. Let it be Vq. Similarly,
measure the potential difference across the other
two resistors, separately. Let these values be V5
and V3, respectively.

[NCERT Activity]

(A) Refer to the first activity and circuit

diagram at fig. 1. A student recorded his

observations in a tabular form as shown

below. Select the row containing correct
observations/readings.

Ammeter Voltmeter

Position of Ammeter Reading Reading
(a) Betweenbatteryand 1A 6V
1 Q resistor as shown
in figure
(b) BetweenlQand2{) BA 2V
| resistor | |
(c) Between2 Qand30 3A 4V
resistor
(d) Between 3 Qresistor 2A 6V
and plug key

(B) @Select the correct conclusion based n
the observations recorded in activity 1
above:

() The resistances Ry, R; and Ry are
connected in series in the activity.

() In a series combination of resistors
the current is different in different
parts of the circuit.

() In a series combination of resistors
the current is the same through each
resistor.

(V) In a series combination of resistors
the potential difference is the same
across each resistor.

(a) Both (I) and (1)

(b) Both (i) and (ll1)

(c) Both (1) and (11l

(d) Both (Il) and (IV)



values of potential difference V, V4, V3 and
V3 are:
(a)V=6V,Vi=1V,V,=2V,V3=3V
(b)V=6V,V;=1V,V,=2V,V3=3V
(c)V=6V,Vi=1V,V2=2V,V3=3V
(dV=6V,Vi=1V,V;=2V,V3=3V

(D) @Which of the following relations for V
and | is correct for a series combination of
three resistors as shown above?
(ﬂ}l:h-!-lz‘blg
(b)'u’: Vl +V1+ Vg

(B) @Suppose in the above activity, each
resistance is doubled. Select the correct
observation:

(a) The total current is doubled

(b) The potential difference is doubled
(c) The total current is halved

(d) The potential difference is halved.

Ans. (A) (a) Position of Ammeter: Between battery
and 1 0 resistor as shown in figure;
Ammeter Reading: 1A Voltmeter
Reading: 6 V.

Explanation: The value of the current in the
ommeter is the same and does not depend
on its position in the electric circuit

The total resistance resistance = Ry + Ry +
R3 =60,

Therefore, reading of ammeter=1=V [R =
6/6A=1A

QO dV=6VVi=1V¥Va=2YV3=3V
Explanation: The potential difference
across the resistors Ry, Ry and Rz can be
calculated by applying Ohm's law.

As current | = 1 A,V = IRy = 1 V. Similarly,
Vo =2Vand Vs = 3V,

The potential difference V is equal to the
sum of potential differences Vi, V2, and V3.

47. @rahman wanted to change the electric bulb
in his study room as he felt that the present
bulb was not bright enough for him to study
properly. So, he called the electrician. The
electrician came and changed the bulb by
holding the illuminated bulb with a piece of
cloth as the bulb was very hot.

The temperature of the filament of bulb
is 2700°C when it glows. Why does it not
getburnt up at such high temperature?

48. Electric force is the force that pushes apart two
like charges, or that pulls together two unlike
charges. The electric potential {also called
the electric field potential, potential drop, the
electrostatic potential) is the amount of work
energy needed to move a unit of electric
charge (o Coulomb) from a reference point to
the specific point in an electric field. The graph
of variation of electric potential arising from a
point charge @ with distance r from the charge
q is shown below:

b 4
3.0 4

25
T 20
=154
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0.5

1 1
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P —

Note: Both the charges Q and q are positive
charges.

(A) he conclusion that can be made
from the above graph between electric
potential (V) and distance (r) from the
given charge is:

() The electric potential decreases as
the point charge Q is brought near
the given charge q.

() The electric potential of a given
charge q is inversely proportional to
the distance of the point charge from
the given charge.

(Il) Work is done on a charge to move it
closer to another charge ofthe same
sign.

(IV) Less energy is required to bring the



charge q.
Which of the above conclusions are
correct?
(a) Both (I) and (1)
(b) Both (II) and (IV)
(c) Both (1) and (IIl)
(d) Both (ll) and (liI)

(B) @ The unit of electric potential is:
(a) J/C (byJC
(c) Jfs (d) JIA

(93] @The work done in moving a charge of

5 C across two points having a potential
difference 12 V is:

(a) 2.4J
(c) 0.42J

(b) 60 J
(d) 120J

(D) The instrument which is used to measure
potential difference between two points
and type of connection is given below.
Select the row containing the correct
information.

Name of instrument | Tupe of connection
(a) Ammeter Series
(b) Voltameter Parallel
(c) Voltmeter Parallel
(c) Voltmeter Series

(B) @When 120 J work is done to move 8
C charge from one point to another in
an electric field, the potential difference
developed between the two points is:

(a) 15V (b) 960 J
(c) 960 V @) 7.5V

Ans. (D) (c) Name of instrument Voltmeter; Type of

49,

connection: Parallel

Explanation. The instrument used to
meosure potential difference between two
points is voltmeter and is always connected
in parallel across thepoints between which
the potential difference is to be measured.

(R
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Potentiometers, or ‘pots” for short, are used
for volume and tone control in electric guitars.
They allow us to alter the electrical resistance
fn a circuit at the turn of a knob. The guitar

Resistance (Q)

source, while the potentiometers provide the
resistance. From Ohm's Law we can see how
increasing resistance decreases the flow of
current through a circuit, while decreasing the
resistance Increases the current flow. If two
circuit paths are provided from a common
voltage source, more current will flow through
the path of least resistance.

Hot

Wiper

Cold

We can visualize the operation of a
potentiometer from the drawing below:

150

150"

90

ra |

20

307

: o
Cold Wiger Mot
Imagine a resistive track connected from
terminal 1 to 3 of the pot Terminal 2 is
connected to a wiper that sweeps along the
resistive track when the potentiometer shaft
is rotated from 0° to 300° This changes the
resistance from terminals 1 to 2 and 2 to 3
simultaneously, while the resistance from
terminal 1 to 3 remains the same As the
resistance from terminal 1 to 2 increases, the
resistance from terminal 2 to 3 decreases, and
vice-versa.

0% 50%

Percentage of rotation

100%
Full rotation

(A) @When we turn the knob in the
potentiometer or pots used in electric
guitars, it alters the:



(b) Resistance in the circuit
(c) Voltage in the circuit
(d) Effective resistance of the circuit.

(B) Four statements are given below
regarding the “cold” and "hot" terminals
in the diagram of potentiometer.

Select the correct statements:

() The “cold” terminal refers to 0°
rotation of potentiometer shaft and
the “hot” terminal refers to 300°
rotation of potentiometer shaft.

(I The “cold" terminal refers to 300°
rotation of potentiometer shaft and
the “hot” terminal refers to 150°
rotation of potentiometer shaft.

() When shaft is at “cold” terminal,
resistance in the circuit is maximum,
whereas itis minimum when shaftis
at “hot"” terminal.

(IV) When shaft is at “cold” terminal,
resistance in the circuit is minimum,
whereas it is maximum when shaft
is at “hot" terminal,

(a) Both (1) and (1I1)
(b) Both (i) and (lil)

(c) Both (I) and (IV)
(d) Both (Il) and (IV)

<) @When the shaft undergoes 50%
rotation, the effective resistance between
its terminals is:

(@R (b)R/3
(¢) 2R (d)R/2

(D) The device that is used to change
resistance in a circuit is:
(a) Rheostat
(b) Fuse
(c) Transformer
(d) Circuit breakers

(B) @The table below lists the change in
resistance of a wire on changing the
physical parameter such as length (1) and

area of cross section (A) of the wire. Select
the row containing the incorrect answer:

Change in Value of

Change in Parameter Risistance

()

Resistance
becomes three
times

Length is tripled

(b)

Resistance
becomes double

Area is halved

~ |doubleitslength | becomes double

(d) | Diameter is doubled Resistance
becomes one
fourth

Ans. (B) (c) Both (1) and (IV)

Explanation: When the potentiometer
shaft is turned at 0, it refers to the “cold”
terminal and at this position the resistance
is minimum, When the potentiometer
shaft is turned at 300, it refers to the "hot”
terminal and at this position the resistance
is maximurm,

(D) (a) Rheostat
Explanation: In many cases it may be
necessary to increaseor decrease the
current in an electric circuit. A component
used  toregulate without
changing the voltage source is called
variableresistance. In an electric circuit, a
device called rheostat is used tochange the
resistance in the circuit.

current

50. Ohm law's application ranges from household

appliances like heaters to the high tension
wires and massive projects like rockets and
spaceships. Ohm's law is used to maintain
the desired voltage drop across the electronic
components. Chm's low is also used in dc
ammeter and other dc shunts to divert the
current. We can control the speed of the fans
at our homes by moving the regulator to and
fro. Here the current flowing through the fan is
contralled by regulating the resistance through
the regulator. A circular knob on the component
can be rotated to achieve a variable resistaice
on the output terminals, For any specific value
of the input, we can calculate the resistance
current and thus power flowing through Ohm's
Law.

Switch Regulator/
AC supply IE] @ spead
(220 V AC) ; controller




(a)

&)

(c) |

(d)

Conventional fan regulator

Knob Fan

0

AC supply
220V

(A) @Refer to the figure-2 above. Select the

row containing the correct information:

Position of Effect on

Regulator Knob  Fan Speed Expiaralion
1 Slowest fan Minimum
speed resistance
in circuit
1 Fastest fan Minimum
speed potential
|  difference
3 Fan stops Currentis
rotating cut off
5 Fastest fan Minimum
speed resistance
in circuit

(B) @The current flowing through a fon is

controlled by:

(a) Regulating the voltage through the
regulator

(b) Regulating the speed through the
regulator

() Regulating the resistance through
the regulator

(d) Regulating the resistivity through
the regulator

(C) A resistance of 5 ohms is further drawn

so that its length becomes double. Its
resistance will now be:

(a) 20 ohms
(b) 10 ohms
(c) 7.5 ohms
(d) 5 ohms

(D) @For a fixed supply voltage the current

flowing through a conductor will

decrease when

conductor is increased

(b) The length of the conductor is
increased

(c) The length of the conductor is
decreased

(d) The cross-sectional area is increased
and length is decreased

(E) @Observe the V-1 graph plotted below
and select the incorrect observations:
o L — )
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(I The graph between current () and
potential difference (V) is a straight
line not passing through the origin.

(I) With increase in potential difference,
current flowing through the
conductor increases,

(ll) The slope of the above graph gives
the resistivity of the conductor.

(IV) The resistance of the given conductor
is 25 Ohm.

(a) Both (I) and (I
(b) Both (I) and (1ll)
(c) Both (1) and (1)
(d) Both (lli) and (V)
(a) 20 ohms

Explanation: When a 5 ohm resistance is
drawn so that its length becomes double
the area of cross section becomes half. As

R= p%= 5 Ohm, the new resistance will be

E':p—g!—=4xp-!-=4x5=2(}0hm.
A A
2



kettles are common applionces used throughout
the world. The heaters have a metal coil which
has high resistance that permits a certain
amount of current to flow through them to
provide the required heat as per the Joule's law
of heating. The electric kettle and irons have a
lot of resistors in them. The resistors limit the
amount of current to flow through them to
provide the reguired amount of heat. The size
of resistors used in them is determined by using
Ohm’s law,

(A) According to Joule's law of heating, the
heat produced in a resistor in time tis:

() Directly proportional to the square
of eurrent for a given resistance

(I) Inversely proportional to the
potential difference across the
resistance

(ll) Directly proportional to resistance
for a given current

(IV) Inversely proportional to the time
for which the current flows through
the resistor.

Select the correct statements.
(a) Both () and (1)
(b) Both (1) and (il)
(¢) Both () and (IV)
(d) Both () and (1IN
(B) @)f the resistance of a resistor is reduced
to half of its initial value, potential

difference remaining unchanged, the
heating effects in the resistor will

(a) |

()
(©
)

(a) Half (b) One fourth
(c) Two times (d) Four times

(C) @Another common application of Joule's

heating is the fuse used in electric circuits.
Select the incorrect statement regarding
fuse:

(a) It protects circuits and appliances by
stopping the flow of any unduly high
electric current.

(b) The fuseis placed in parallel with the
device.

(c) It consists of a piece of wire made of
a metal or an alloy of appropriate
melting point.

(d) If a current larger than the specified
value flows through the circuit,
the fuse wire melts and breaks the
circuit.

(D) @consider an electric iron which

consumes 1 kW electric power when
operated at 220 V. The table below gives
the rating of ideal fuse that should be
used in this case and the heat generated
in the electric iron in 30 seconds.

Ideal Rating of Fuse = Heat Generdted in

(A) _ 30s(J)

4A 3.0 x 10*
10A 1.0 X 10*
5A 3.0 x 104
SA. 3.6X10°

(E) A resistance of 30 ohm is connected to

a 6 V battery. The heat energy in joules
generated per minute will be:

(@)72J (b) 144 J
(c) 288 (d) 36J

Ans. (A) (d) Both () and (i)

Explanation:  According to  Joule's
law of heating, the heot produced
in o resistor in time t is given by
H=Pt=Vit=FRt = Hoc I’ Hox R Hoct

(B) (@724

Explanation: The heat generated in a
resistor is given by Joule's low of heating,

H=1"Rt.
vV 6

Here, [=—=—=02A ,R=300hmandt=
R 30

60 s.
Therefore, H= (02)2 %30x60=72J



electric potential energy or kinetic energy of
the charged particles. In general, it is referred
to as the energy that has been converted from
electric potential energy. In many cases it is
necessary to calculate the energy usage by an
electric device or a collection of devices, such
as in a home. The electrical energy (E) used can
be reduced either by reducing the time of use
or by reducing the power consumption of that
appliance or fixture. This will not only reduce
the cost, but it will also result in a reduced
impact on the environment Improvements
to lighting are some of the fastest ways to
reduce the electrical energy used in a heme
or business About 20% of a home's use of
energy goes to lighting, while the number for
commercial establishments is closer to 40%.
A few common electrical appliances and their
power ratings are given below:

Load Types Power Ratings
(1) Light bulbs (incandes- 60W, BOW, 100W
cent
(2) Electric (steam) iron 2400W
(3) Standing fan 70W
(4) Water heater/Kettle 2000W
(5) |Electric blender 350W
(6) Refrigerator 200W
(7) Microwave oven 1200W
(8) Hand dryer 1800W

(A) @wWhich of the following can be
concluded from the table shown above?
() The energy consumption of an

electrical appliance depends on the
power rating and the usage time.

(I) The larger the power rating in the
electrical appliance, the lesser is the
energy used every second.

(ll) The longer the usage time, the more
electrical energy is consumed.

(IV) Appliances that have a heating effect
usually have a high power rating
and consume more electricity.

(a) Both () and (i) (b) Both (1) and (1ll)

(© M, @and V) (d) @), ()and (V)

(B) @An electrical water heater/kettle which
is marked 2000 W, 220 V means that:
(a) The electric kettle will consume 2000
J of electrical energy every 1 second
ifitis connected to a 220 V supply.
(b) The electric kettle will consume 7.2
X 105 J of electrical energy every 1

supply.

(c) Theelectric kettle will consume 440J
of electrical energy every 1 second if
it is connected to a 220 V supply.

(d) The electric kettle will consume 3.6
X 10% J of electrical energy every 1
second if it is connected to a 220 V
supply.

(C) @students calculated the number
of electrical units consumed daily by
operating a hand dryer (Power rating
1800 W) for 2 h daily on a supply of 220
V, the total electrical energy consumed in
the month of June (in Joule) and the cost
of electricity for the month of June if one
unit costs Rs. 5.50 and assuming that no
other appliance is used.

Select the row containing the correct
entries.

Electrical
Number of Energy
Electrical Consumed  Total cost
Units in the for Month of
Consumed Month of June (inRs.)
daily June (in
Joules)
(a) 108 1296 X Rs. 19.80
105
(b) 3.6 3.88X Rs. 594.00
108
(c) 36 12,96 X Rs, 19.80
108
(d) 108 3.88X Rs. 594.00
108
(D) @The resistance of the refrigerator
(Power rating 200 W, 220 V) is:
(a) 44 kilo Ohm  (b) 44 Ohm
(c) 242 Ohm (d) 484 Ohm

(E) If the microwave oven and the electric
blender of power ratings 1200 W and 350
W respectively are both used for 5 hours
daily, the electrical energy consumed in a
day is:
(a) 6.0 units
(c) 15.5 units

(b) 7.75 units
(d) 232.5 units

Ans. (E) (b) 7.75 units

Explanation: The electrical energy
consumed in a day is given by E=Pt = 1200
X5+ 350X5Wh=7750Wh =775 kWh or
7.75 units
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53. What is the commercial unit of electrical
energy? Representit in terms of Joules,

[CBSE 2010]

Ans. The commercial unit of electric energy is

kilowatt hour (kW h), commonly known as

5 ¥

urit’
1 kW h = 1000 watt = 3600 second
= 3.6 x 10° watt second
=36 x 10° joule (J)

54, @The electric power consumed by a
device may be calculated by either of the
two expressions P = I°R or P = V3R, The
first expression indicates that it is directly
proportional to R whereas the second
expression indicates inverse proportionality,
How can the seemingly different dependence
of P on Rin these expressions be explained?

[Diksha]

55, Two bulbs having power of 50 W and 25 W
respectively are connected with the same
source. Which has higher resistance? What is

their ratio? [Diksha]
v
Ans. P = =
V2
R= %
We have Py = 50 and Py = 25
vﬂ
w Ryo= 0] ohm
v‘_’
Rae= 75
Vvl

ohm =Ry Ry T: 25 9 a
ie. 50 W bulb has %resistance than 25 W.

56. State Ohm's law.

Ans.Ohm's law states that under no same
temperature, electric current flowing through
an ideal conductor is directly proportional to
the potential difference across its ends.

Ve |
or % = constant = R
or V=IR

R is o constant for the given metallic wire at a
given temperature and is called its resistance.

57. @while studying the dependence of potential
difference (V) across a resistor on the current
(I) passing through it, in order to determine
the resistance of the resistor, a student took
5 readings for different values of current and
plotted a graph between V and |. He got
a straight line graph passing through the
origin. What does the straight line signify?
Write the method of determining resistance
of the resister using this graph. [CBSE 2019]

58. @What would you suggest to a student if
while performing an experiment he finds
that the pointer/needle of the ammeter
and voltmeter do not coincide with the zero
marks on the scales when circuit is open? No
extra ammeter/voltmeter is available in the
laboratory. [CBSE 2019]

59.(A) In a given ammeter, a student saw that
needle indicates 12% division in ammeter
while performing an experiment to verify
Ohm's law. If ammeter has 10 divisions
between 0 to 05 A, then what is the
ammeter reading corresponding to 12th
division?

(B) How do you connect an ammeter and a
voltmeter in an electric circuit?

ANs. | A) Least count of ammeter = % = 005A
Thus, value corresponding to 12 divisions

=005x12=086 A

(B) An ammeter is connected in series and
a voltmeter is connected in parallel in an
electric circuit.

[CBSE Marking Scheme 2018]

60. A student has two resistors-2 () and 3 (.
She has to put one of them in place of Rz
as shown in the circuit. The current that she
needs in the entire circuit is exactly 9A. Show
by calculation which of the two resistors she
should choose.

LA

C -

A

12V Ry =40 §R

B O &

[CBSE SQP 2020]
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61. A V-I graph for a nichrome wire is given
below. What do you infer from this graph?
Draw a labelled circuit diagram to obtain
such a graph.

204
1.6 1
19+

08+

04

Petantial difference (V) —»

o] T T T T T T
01 02 03 04 05 08

Current (A) —s
[CBSE 2020]

Ans. We infer from the graph that % is a constant
ratio. L.e., Vo | which is ohm's law. This constant

\4
ratio {T] is called the resistance () of the

conductor,

In 1827, a German physicist G. Siman Ohm
found out the relationship between the current
(1) flowing in a metallic wire and the potential
difference ocross its terminals.

The potential difference (V) across the ends
of a given metallic wire is in an electric circuit
is directly proportional to the current flowing
through it, provided its temperature remains
the same.

Vil

A
- = Constant

V=IR

62. (A @Write the mathematical expression for
Joule's law of heating.

(B) ®Compute the heat generated while
transferring 96000 coulomb of charge in
two hours through a potential difference
of 40 V. [CBSE 2020]

63. @)Bl, B, and B; are three identical bulbs
connected as shown in the figure. When
all the three bulbs glow, a current of 3A is
recorded by the ammeter A.

(A) What happens to the glow of the other
two bulbs when bulb By gets fused?

(B) What happens to the reading of Ay, Ay,
Az and A, when bulb B; gets fused?

(C) How much power is dissipated in the circuit
when all the three bulbs glow together?

—O—M

B2 (M) ()
&
Y M 5
o)

Hi—or— O~
| [CBSE 2015]

64. Two resistors with resistance 5 Ohm and 10
Ohm respectively are to be connected to a
battery of 6V so as to obtain:

(A) Minimum current flowing
(B) Maximum current flowing

(i) How will you connect the resistors in
each case?

(ii) Calculate the strength of total current
in the circuit in the two cases.

Ans. (A) If we want minimum current, we will
connect the resistors in series.

If we want maximum current we will
connect them in parallel
(B) Ry = 5 ohms; Rz = 10 chms
(i) When connected in series
R=10+ 5=15 ohms
V=6V
6

Therefore, | = E =— =04 A
15

When the resistors are connected in parallel
B R, xR, _ 50
TR+R; T 5
=333 ohms

Therefore, | = — = .
[ 333

=1801A

=

65. @Two conducting wires of the same material
and of equal lengths and equal diameters
are first connected in series and then in
parallel in a circuit across the same potential
difference. Find the ratio of heat produced in
series and parallel combination.



given resistor for the corresponding values of inversely proporten to areg of croas-section,

potential difference V across the resistor are = p (rho) is a constant of proportionality and is known
given below: s resistivity.

70. Answer the following:

| (Amperes) 0.5 1.0 2.0 30 4.0
Vmperes) (A) Why ammeter is always connected in

V(volts) 1.6 3.4 67 102 13.2 serles?
Plot a graph between V and | and also (B) Five dry cells each of 1.5 volt have
calculate the resistance of that resistor. internal resistance of 0.2, 0.3, 0.4, 0.5

and 1.2 ohms. When connected in series,
what current will these five cells furnish
through 10 ohm resistance?

67. @Danswer the following questions:

(A) List a distinguishing feature between the
resistance and resistivity of a conductor,

(B) A wire is stretched so that its length Ans. (A) An ammeter is used to measure the current
becomes 6/5 times its original length. If flowing through a drcuit We know that
its original resistance is 25 ohm, find its current remains same in series connection,
new resistance and resistivity. Also the resistance of an ammeter is very

small due to which it doesn't affect the current
to be measured So, an ammeter is always
connected in series to measure current
(B) Total voltage produced by the batteries
V=5x15=75V

68, @Studg the following circuit and answer the
questions that follows:

(A) State the type of combination of two
resistors in the cireuit.

}EI-F " {E} Total resistance
R=Ri+R;+R3+Ry4+Rs
R =(02+03+04+05+12)+10
B 100 =126Q
WA Therefore, current
194 fias L _|7'56 = 0595 A
(B) How much current is flowing through (i) R 13
10 ohms and (ii) 15 ohms resistor? @, )
(C) What is the ammeter reading? 71, '©Consider the scale of a voltmeter shown
in the diagram and answer the followin
69, Resistance of a metal wire of length 1 questions: g ¢
metre is 26 ohms. If the radius of the wire 15
is 0.15 mm, calculate the resistivity of the
material.
Ans. Given:l=1m;, r=015mm= 15x10-4m 0 10
A=nr2=314x 225108
=7.0865 x 10 m?
R=rx 4 (A) What is the least count of the
A voltmeter?
N Tesistiibiue = B« A (B) What is the reading shown by the
’ i | voltmeter?
7 065x10~ (C) If this voltmeter is connected across a
=26 x ————— resistor of 20 ©, how much current is

%

=183.69 = 107% Om
Thus, the resistivity of the metal wire is 183.6%
% 1078 p m. 72. @You have following material:
An ammeter (0-1A), a voltmeter (0-3V), a
@ Related Theory resistor of 20 ©, a key, a rheostat, a battery
= Rasistance of a conducter depends on its length, on

; of 3 V and seven connecting wires.
its area of cross-section and in the nature of material

flowing through the resistor?
[CBSE 2019]



diagram to study the dependence of

potential difference (V) across a resistor on
the current () passing through it.

[CBSE 2018]

73. @Justify the following statements:
(A) Tungsten is used exclusively for filaments
of electric lamps.
(B) Series arrangement is not used for
domestic circuits.
(C) Copper and aluminium wires are usually
employed for electricity transmission.

combination and parallel combination of
resistances?

5 2835
o eR SR
r

1
||J: {=}
FJ\C

(B) @ the circuit diagram given below five
resistances of 5 Q, 20 Q, 15 Q, 20 Q and
10 Q, are connected as given in figure to
a 6V battery:

Calculate total resistance in the circuit.

(LONG ANSWER Type Questions (LA) )

[5 marks]

75. (A @Two lamps rated 100 W, 220 V and
10 Q, 220 V are connected in parallel to
220 V supply. Calculate the total current
through the circuit.

(B) @Two resistors X and Y of resistances 2
Q and 3 Q respectively are first joined in
parallel and then in series. In each case
the voltage supplied is 5 V.

(i) Draw circuit diagrams to show the
combination of resistors in each case.

(ii) Calculate the voltage across the 3 Q

resistor in the series combination of
resistors. [CBSE 2020]

76. Three incandescent bulbs of 100 W each are
connected in series in an electric circuit. In
another set, three bulbs of the same wattage
are connected in parallel to the same source.
(A) Will the bulb in the two circuits glow

with the same brightness? Justify your
answer.

(B) Now, let one bulb in both the circuits get
fused. Will the rest of the bulbs continue
to glow in each circuit? Give reason.

[CBSE 2015, 14, 13, 12, 10]

Ans. (4) The two situations given in the question are

shown in the figures given below:

: K
«—iHE {}

For series combination:

Let us assume that the resistance of each

bulb is R and the potential difference is V

Equivalent resistance in series combination,
a=R+R+R=3R

Let current through sach bulb in series

combination be |; and voltage =V

By Ohm's law,
V=1L x3R
fss W
1= 3R

The power consumption of each bulb in
series combination will be

Pi=I°R
~ Vo
=()2x3R= (3] *3R
V2

(1)

L
-



The resistance of each bulb = R
Voltage across each bulb = V
|as voltage remains the same in parallel

combination]
)
|1 = '3
Power consumption of each bulb in parallel
combination,
V2 "
Ps= o8 ()]

From equation (i) and (i)
2

P _E
TR

3R
R._3
PR 1
Pz= 3P4

The resistance of the bulbs in series will
be three times the resistance of one
bulb. Therefore, the current in the series
combination will be one-third the current
of one bulb in parallel combination.
Therefore, bulb in parallel combination
glows more brighter than each bulb in
series combination.

(B

_—

In series combination, there is only one
path for the flow of current, So when one
bulb gets fused, circuit is broken and hence
the bulb stops glowing.

In parallel combination, each bulb has
its own path for the flow of current. Se
when one bulb gets fused, other bulbs will
continue to glow as the current is flowing
in the circuits of these bulbs,

77. @Draw a schematic diagram of a circuit

consisting of a battery of 3 cells of 2V each,

a combination of three resistors of 10 £, 20

@ and 30 Q connected in parallel, a plug key

and an ammeter, all connected in series. Use

this circuit to find the value of the following:

(A) Current through each resistor

(B) Total current in the circuit

(C) Total effective resistance of the circuit
[CBSE 2020]

78. Two identical resistors, each of resistance

15 (), are connected in (A) series, and (B)
parallel, in turn to a battery of 6 V. Calculate
the ratio of the power consumed in the
combination of resistors in each case.

[CBSE 2020]

Ans.R=150Q

V=6V

resistors are given so Ry = &

(A) In series
Rs=R1 + R2
=15+15=30Q
(B) In Farallel
o S
TR R
1 1 2
IECAETET
15
Rp= ?Q

Power when resistors are connected in

: v Bx6
serias Ps= R} = —30
3] Gx6 36
Pi=—-0Q = =—0
*T 5 60 30

Power when resistors are connected in
parallel

VE
Pr=R_
WE R,

_ GxBx2 - E 0
15 15
The Ratio of power consumed in
combination of reactors in the two cases

79. (A) @A 6 © resistance wire is doubled on

itself. Calculate the new resistance of the
wire,

(B) @Three 2 Q resistors A, B and C are
connected in such a way that the total
resistance of the combination is 3 Q.
Show the arrangement of the three
resistors and justifu your answer.

[CBSE 2020]

80. (A) @Define electric power. An electrical

device of resistance R is connected
across a source of voltage V and draws
a current|.

Derive an expression for power in terms
of current and resistance.



V and 60 W; 220 V are connected in
parallel to an electric mains of 220 V.
Find the current drawn by the bulbs from
the mains. [CBSE 2019]

84, (A) Define electrical energy with S.I. unit?

(B) A household uses the following electric
appliance;

(i) Refrigerator of rating 400w for ten
hour each day.

(i) Two electric fans of rating 80w each
for twelve hours each day.

(iif) Six electric tubes of rating 18w each
for six hours each day.

Calculate the electricity bill of the household
for the month of June if the cost per unit of
electric energy is T 3.00. [Diksha]

Ans. (A) The work done by a source of electricity
to maintain current in o circuit is known as
electrical energy. Its S.1. unit is Joule,

(B) () Electricity consumed by refrigerator
= Power = Time

=400 = 10
= 4000 Wh
=4 kWh
(i) Electricity consumed by two fans
= Power = Time
=8B0x2x12
= 1920 Wh
=192 kWh

(i) Electricity consumed by six electric
tubes

=6x18x6
= 648 Wh
= 0.648 kWh
Total energy consumed in one day
=4 + 192 + 0648
= 6.548 kWh
Total energy consumed in one month
= 6.548 x 30
= 197.04 kWh
Cost of 1 unit (kWh) =% 3.00
Cost of 197.04 kWh = 197.04 x 3.00
Tatal electricity bill =¥ 581.12

an experiment that the same current
flows through every part of the circuit
containing three resistors Ry, Ry and
R3 in series connected to a battery of V
volts?

(B) ®Study the following circuit and find
out:
() Currentin 12 ¢ resistor.

(i) Difference in the readings of Ay and

Ay, if any.
240

Ci-o

BV g 120

I
T

/’{"-\
A )
[CBSE 20 19]

83.(A) @Three resistors of resistances Ry, Ry
and R3 are connected (i) in series, and
(ii) in parallel. Write expressions for the
equivalent resistance of the combination
in each case.

(B) @Two identical resistors of 12 Q each are
connected to a battery of 3 V. Calculate
the ratio of the power consumed by the
resulting combinations with minimum
resistance and maximum resistance.

[CBSE 2019]

84. (A) ®With the help of a suitable circuit
diagram prove that the reciprocal of
the equivalent resistance of a group of
resistances joined in parallel is equal
to the sum of the reciprocals of the
individual resistances.

(B) @[n an electric circuit two resistors of
12 Q each are joined in parallel to a 6 V
battery. Find the current drawn from the
battery. [CBSE 2019]

85. @An electric lamp of resistance 20 Q and a
conductor of resistance 4 Q! are connected to
6 V battery as shown in the circuit. Calculate:

(A) the total resistance of the circuit,
(B) the current through the circuit,

(C) the potential difference across the (i)
electric lamp and (ji) conductor, and

(D) power of the lamp



[CBSE 2019]

86. Consider the following circuit:

Bv

e — -

What would be the readings of the ammeter
and the voltmeter when key is closed?

Give reason to justifi your answers.
[CBSE 2018]

Ans. The three resistors are connected in series. The
effective resistance of 3 resistors Ry, 7 and Ry
connected in series is given by :

REqU =Ry +Ry+R3
The effective resistonce =5 +8 + 12 = 25 Ohm
Total current flowing 1 in the circuit is given by

Ohm's law =1 = E/— = i
R 25

As the current flowing through the resistors
connected in series is same, the current flowing
through the Ammeter = | = 0.24 A
Reading of ammeter = 0.24 A,
The potential difference V is equal to the
sum of the potential difference Vi, V2 and V5
across the individual resistors Ry, R2 and Ra
respectively. That is,

V= V; + V} + Vg
As the voltmeter is connected across the
12 Ohm resistor or B3, we will calculate the
potential difference V3 across R,
Using Ohm's law, V3= 1IR3 = 0.24 x 12V = 2.88V.
Reading of Voltmeter = 288 V

87. (A ®Consider a conductor of resistance ‘R',
length ‘U, thickness'd' and resistivity * . 5
Now this conductor is cut into four equal
parts. What will be the new resistivity of
each of these parts? Why?

are connected in:
(A) Parallel
(B) Series

(C) @Out of the combinations of resistors
mentioned above in the previous part,
for a given voltage which combination
will consume more power and why?

88. In the circuit given below, the resistors Ry, R
and R3 have the values 10 Q, 20 Q@ and 30 Q
respectively, which have been connected to a
battery of 12 V. Calculate:

(A) the current through each resistor,
(B) the total circuit resistance, and
(C) the total current in the circuit.

> VWA
~ Tm‘ W
L
A ——(——(=F

Ans. civen
Ri=10 R =200, R, =300
According to Ohm's law,

V=IR Given V=12V
(A) Current through resistor Ry
v 1)
1= R; =10 =12A
Current through resistor Ry
v 12
lp=—====06A
=R 78 6
Current through resistor Ry
v 12
3= — = =—=04A
=8 = 30
(B) Total circuit resistance, R
Tt k0
R R R Ry
L4 1 &
R 10 20" 30
11
R — 60
G0
= T = 5450



a8s.

90.

91.

92.

Ans.

I=ly +l2+l3
=12+06+04=224A
[CBSE Marking Scheme 2019]

(A) @Name an instrument that measures
electric current in a circuit. Define unit of
electric current.

(B) @How is static electricity different from
current electricity?

(C) @Mentian some important uses of
electricity in our daily life.

(A) ®0n what factors does the resistance of
a conductor depend?

(B) @give one example to show how the
resistance depends on the nature of
material of the conductor.

(C) @Cal.culate the resistance of an
aluminium cable of length 10 km and
diameter 2.0 mm if the resistivity of
aluminium is 2.7 x 1078 Q@ m.

@Determine the following quantities for the
circuits shown below:

0w 30 W 50W
AW W

(A) the equivalent resistance

(B) the total current from the power supply
(C) the current through each resistor

(D) the voltage drop across each resistor and
(E) the power dissipated in each resistor

@What is Joule's heating effect? How can
it be demonstrated experimentally? List its
four applications in daily life.

Joule's heating effect: When an electric
current is passed through a high resistance
metallic wire, like nichrome wire, the resistance
wire becomes very hot and produces heat This
effect is known as heating effect of current or
Joule's heating affect.

Joule's law of heoting states that the heat H
produced in a conductor of resistance R due to
current flowing through it for time tis H = 3Rt
A simple experiment to demonstrate heating
effect of current is that if we switch on the bulb

Ans. (A)

hot. This shows that when electric current

flows through a metallic conductor, heat is

produced in it.

Applications of Joule's heating effect in daily

life are:

(1) Electric fuse Is a safety circuit device works
on this principle. Electric fuse in the electric
circuit melts when large current flows in
the circuit.

(2) Electric iron, electric heater and water
heater etc. work on the principle of heating
effect of current.

(3) Electric bulb glows when electric current
flows through the filament of the bulb.

93. (A) An electric bulb is rated at 200 V; 100 W.

What is its resistance?

(B) Calculate the energy consumed by 3 such
bulbs if they glow continuously for 10
hours for complete month of November.

(C) Calculate the total cost if the rate is T

6.50 per unit. [CBSE SQP 2020]
V=220V
P=100 W
R=?

P=V
V=IR
v

l=1.(i)V= =

@V= o
pe 22X gppan L

R R
p V' _ 200x200
SR 100
R =400 W

(B) P =100 W (given 3 such bulbs) or 100 _
1000

0.1 kW
No. of bulbs = 3
time t = 10 hours
Number of days in the month of November
=30

E = P x t
Total energy consumed by 3 bulbs in 30
days

=3 x 01«10 = 30 =90 kWh

Hence, the energy consumed by 3 such bulbs
for the month of November will be 80 kWh.



Rate of per unit = ¥ 6.50 per unit
1 kWh = 1 unit
90 kWh = 90 units
Tost cost =90 x 6,50 =T 585.00
Hence, the total of operating 3 such bulbs will
T 585.

94, (A) @What is meant by the statement, “The
resistance of a conductor is one ohm"?

(B) @Define  electric power. Write an
expression relating electric power,
potential difference and resistance.

(C) @How many 132 W resistors in parallel
are required to carry 5 A on a 220 V line?

[CBSE 2020]

95. In the given circuit, A. B. C and D are four
lamps connected with a battery of 60V.

L 0O

(B

44 3A

Ans.

questions.

(A) Vifhat kind of combination are the lamps
airanged in (series or parallel)?

(B) Explain with reference to your above
answer. what are the advantages (any
two) of this combination of lamps?

(C) Explain with proper calculations which
lamp glows the brightest?

(D) Find out the total resistance of the circuit.

[CBSE SQP 2020]

(A) The lamps are in parallel

(B) Advantages :If one lamp is faulty. It will not
affect the working of the other lamps. They
will also be using the full potential of the
battery as they are connected in parallel.
The lamp with the highest power will glow
the brightest.

P=Vi

In the case, all the bulbs have the same
voltage But lamp C has the highest current
The total current in the circuit =3 + 4 + 5 +
3A=15A

The Voltage = 60V
V=Ir and hence R =

o



TETTERS D

( VERY SHORT ANSWER Type Questions )
[ 1 mark ]

1. State the S.I. unit of potential difference and name the device used to measure it.
Ans. P ==
T The. 8-T- mwt;% potentlal. diffewince 34 " wealls’ aa lonoces
nﬁ Alessoundan Velta, - 6‘6
i ’ . _ .
| woltraokou 24 b, dewlee, bnak B abu conne.cted .
[ porticel ety St 0. CICLAE d vafoatiud. tlas_AnOlicng.

~—— [CBSE Topper 2019]

( SHORT ANSWER Type-Il Questions (SA-11) )
[ 3 marks ]

2. Show how would you join three resistors, each of resistance 9 () so that the equivalent resistance of
the combination is: (i) 13.5 Q (i) 60 ?

Ans, el e R e e _n.m._a?_ﬂ_._b-__._ ER S ST P

by 8s o - -
| ' el

[CBSE Topper 2018]
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[ 5 marks ]

3. The values of current (1) flowing through a given resistor of resistance (R), for the corresponding
values of potential difference (V) across the resistor are as given below:

V (volts) 0.5 1.0 1.5 2.0 25 3.0 4.0 5.0
| (amperes) 01 0.2 0.3 0.4 0.5 0.6 0.8 1.0

Plot a graph between current (l) and potential difference (V) and determine the resistance (R)
of the resistor.

Ans. e T
o I e
B — - =
il . ARSI 4% e ———
R :‘__‘i__‘:: _ ﬁ. e e e o
s e — /
S s
== R e /4:"_ - e -— g
e e = - P ES badu ey SANT MO T R /_ :
L T i =y s e st et
Y | N S Cha - oy
B e g e YER Y o jo.___ 5 .¢
. Sy —— T WY Al - U

4. In the experiment to study the dependence of current (I) on the potential difference (V) across a
resistor, a student obtained a graph as shown.
(i) What does the graph depict about the dependence of current on the potential difference?

(i) Find the current that flows through the resistor when the potential difference across it is
2:5V.

M

b

L 1 A }
2 3 4

V(volts) —»

Ans. Vi
| At Hu, duaphdeficts, b, sosistorce[Slope) f /

.;Z,MMMM&%_L&MM&HM_FI%‘
" et Has fotenbial didbesefnee and tue o
T | Cusgant Qg /

Mﬂfg S ] B
[T o Vv Fmamﬁdauml_ - _{
Reaiat toua pmu% Muumota pmm#wamruwm

[ onotan 2o R=yo 2 = ioa mfpgrs maeuomens
= ol ) ey TEa I
r’uhlmli ) 1“\‘:{ ge L= 25« 1L =/ E-"-’a'i: A I:' | )
thao CHE = : | - [CBSE Topper 2019]
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