CHAPTER 11
ELECTRICITY

1. Charge: Itis an inherent property of the body due to which the body feels
attractive and repulsive forces.There are two types of electric charges:
(i) Positive and (ii) Negative
(ii) Like charges are repelling each other.

(iii) Unlike charges attract each other.

2. Conductors and insulators: Those substances through which electricity can flow
are calledconductors. All the metals like silver, copper, aluminiumetc. are
conductors.

Those substances through which electricity cannot flow are calledinsulators. Glass,
ebonite, rubber, most plastics, paper, dry wood, etc., are insulators.

3. Electrostatic potential: The electrostatic potential at any point is defined as the
work done inbringing a unit positive charge from infinity to that point. Potential is
denoted by the symbol V and its unit is volt. A potential of one volt at a point means
that 1 joule of work is done in bringing 1 unit positive charge from infinity to that
point.

4. PotentialDifference: The amount of work done in moving unit positive charge
from one pointto another in an electric field is known as potential difference.
Potential difference = Work done/Quantity of charge transferred
If a W joule of work has to be done to transfer Q coulombs of charge from one
point to another point, then the potential difference V between the two points is
given by the formula:

Potential difference, V= W/Q

The Sl unit of potential difference is volt (V).

1 volt: One volt is defined as the potential difference between two points in a
current carrying conductor when 1 joule of work is done to move a charge of 1
coulomb from one point to another.Therefore, 1 volt = 1joule/ 1 coulomb

5. Voltmeter: The potential difference is measured by means of an instrument called
voltmeter. The voltmeter is connected in parallel across the points where the
potential difference is measured. A voltmeter has high resistance.

6. Electric Current: The electric current is the rate of flow of electric charges (called
electrons) in a conductor.

If a charge of Q coulombs flows through a conductor in time t seconds, then the
magnitude | of the electric current flowing through it is given by

Current, | = Q/t

The Sl unit of electric current is ampere and it is denoted by the letter A. Electric
current is a scalar quantity.

o @acadpills ‘@3) @acadpills @acadpills - www.acadpills.com




o @acadpills

7. Ammeter: Current is measured by an instrument called ammeter. The ammeter is
connected in series with the circuit in which the current is to be measured. An
ammeter should have very lowinternal resistance.

8. Voltaic Cell: It is one of the earliest devices which are capable of providing a
continuous flow of electric current. It is used for converting chemical energy into
electricalenergy. It was invented by Volta in the year 1800.

9. Ohm's Law: At constant temperature, the current flowing through a conductor is
directly proportional to the potential difference across its ends. If 1 is the current
flowing through a conductorand V is the potential difference across its ends. Then
according to Ohm’s law
laV
This can also-be written as:

Val

V=IR

Where R is a constant called 'resistance' of the conductor. The value of this
constant depends on the nature, length, area of cross-section and temperature of
the conductor.

10.Resistance of a Conductor: The property of a conductor due to which it opposes
the flow of current through it is called resistance. The resistance of a conductor is
numerically equal to ratio of potential difference across its ends to the current
flowing through it. i.e.

Resistance =Potential difference/Current
R=V/I
The Sl unit of resistance is ohm, which is denoted by symbol Q.
1 ohm: If V =1 volt, | = | ampere, then
R =1 volt/1 ampere= 1 ohm
Thus, the resistance of a conductor is said to be 1 ohm if 1 ampere current flows
throughthe conductor when a potential difference of 1 volt is applied across it.
11.Factors affecting the Resistance of a Conductor: The resistance of the conductor
depends:
(i) onitslength,
(if) onits area of cross-section
(ili) onthe nature of its material.
12.Resistivity: It has been found by the experiments that:
(i) The resistance of a given conductor is directly proportional to its length.

(ii) The resistance of a given conductor is inversely proportional to its area
ofcross-section.
R al/A .....(ii)
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By combining the equations (i) and (ii),

Ral/A

R=p(/A)

Where pis called specific resistance or resistivity of the conductor.

When | =1m, A=1m? we have p =R

Thus, the resistivity of a conductor is the resistance of unit length and unit
area of cross-section of the conductor. The Sl unit of resistivity is ohm metre

(Qm).
13. Combination of Resistance: The resistance can be combined in two ways:
(i) In series
(ii) In parallel
(i) Resistance in series:

R2 Rz R RI+R2+R
Series: —«/vw—w—«/w— = W

In series, the total potential difference,

V=V1+V2+V3 ....... (I)

Applying Ohm’s law to the entire circuit

V =IR ......(ii)

Applying Ohm’s law to each resistance separately, we have
V1 =1IR1; V2 =1R2; V3 = IR3 ....(iii)

From equations (i), (ii) and (iii), we have

IR=1R1+ IRz +IR3

R=R:+Ry+R3
(ii) Resistance in parallel:
RI
—AM—
R, R, ~(RAIR,T1/R)!
Parallel: ANV = —W\—
R,
A~
In parallel, the total current
I=lhi+hh+13..... (I)
Applying Ohm’s law to the entire circuit
I =V/R ......(ii)
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Applying Ohm’s law to each resistance separately, we have
l1 = V/R1; 12 = V/Ry; I3 = V/Rs ....(iii)
From equations (i), (ii) and (iii), we have
V/R =V/R1 +V/R2+V/R3
1/R=1/R1+1/Ry + 1/R3
14.Electric Power: The rate at which work is done by an electric current is known as
electric power.
Power = Work done/Time
P=W/t=(VxQ)/t....li
The work done by current | when it flows for time t under a potential difference V
is given by:
W =VxIxtjoules [Because W=VQandQ=lt]
Putting the value of W in equation (i), we have
P=(VxIxt)/t=VI
P = I°R [Because V = IR]

P =V2%/R [Because | = V/R]
The unit of electric power is watt.
Power =V x|

1 watt =1 volt x 1 ampere
Thus, if a potential difference of 1 volt causes a current of 1 ampere to flow
through a wire, the electrical power consumed is one watt.

15.Electrical Energy:
Electrical energy = Power x Time
E=Pxt
The electrical energy consumed by an electrical appliance depends upon
(i) Powerrating of the appliance
(ii) Time for which it (appliance) is used.
The Sl unit of electrical energy is joule.
ljoule is the amount of electrical energy consumed when an appliance of 1 watt
is used for 1 second.

16.Commercial Unit of Electrical Energy: Kilowatt hour is the commercial unit of
electrical energy. One kilowatt hour is the electrical energy consumed when an
electrical appliance having 1kW power rating is used for 1 hour.
Energy used = Power x Time
1 kWh =1kW x |h
= 1000 w x 60 x 60s
=1000 Js' X 3600 s
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= 3600000 J= 3.6 x 10°)

17.Heating Effect of Current: When an electric current is passed through a high
resistance wire, it becomes very hot and produces heat. This effect is called the
heating effect of current.
When an electric charge Q moves against a potential difference V, the amount

of work done is given by,

W=Qx V ......(i)
But, current, | = Q/t
Q=1Ixt

From Ohm's law: V=1xR

Now, putting all these values in equation (i), we have

Work done, W=12xRx t

This work done is converted into heat energy for maintaining the flow of current

| through the conductor for t second.

Heat produced, H = 12x R x t joules.

18.Applications Of Heating Effect of Current:

(i) In electrical heating appliances: All electrical heating appliances are based
on heating effect of current. For example, appliances, such as electriciron,
water heaters and geysers, room heaters, toaster, hot plates are fitted
with heating coils made of high resistance wire such as nichrome wire.

(ii) Electric filament bulb: The use of electric filament bulbs (ordinary electric
bulbs) is also based on the heating effect of current. Inside the glass shell
of electric bulb there is a filament. This filament is made from a verythin
high bulb resistance tungsten wire. When current flows through this
filament, it gets heated up. Soon, it becomes white hot and starts emitting

light.
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QUESTIONS FROM PREVIOUS BOARD EXAMS

Question 1.

A cuiient of 10 A flows thiough a conductoi foi two minutes.

(i) Calculate the amount of chaige passed thiough any aiea of cioss section of the conductoi.
(ii) If the chaige of an election is 1.6 x 10-% C, then calculate the total numbei of elections flowing.
(Boaid I'eim I, 2013)

Answei:

Giventhat:1=10A,t=2min=2x60s=120s

(i) Amount of chaige Q passed thiough any aiea of cioss-section is given by | = Qt
0iQ=1xt-~Q=(10x120)As=1200C

(i) Since, Q = ne

wheie n is the total numbei of elections flowing and e is the chaige on one election
~1200=nx1.6 x 10

0i N =12001.6x10-19 = 7.5 x 1021

Question 2.

Define electiic cuiient. (1/5, Boaid I'eim 1,2017)

Answei:

Electiic cuiient is the amount of chaige flowing thiough a paiticulai aiea in unit time.

Question 3.

Define one ampeie. (1/5, Boaid I'eim 1,2015)

Answei:

One ampeie is constituted by the flow of one coulomb of chaige pei second.
TA=1Cs?

Question 4.

Name a device that you can use to maintain a potential diffeience between the ends of a
conductoi. Explain the piocess by which this device does so. (Boaid I'eim |, 2013)

Answei:

A cell oi a batteiy can be used to maintain a potential diffeience between the ends of a conductoi.
I'he chemical ieaction within a cell geneiates the potential diffeience acioss the teiminals of the
cell, even when no cuiient is diawn fiom it. When it is connected to a conductoi, it pioduces
electiic cuiient and, maintain the potential diffeience acioss the ends of the conductoi.

Question 5.

Diaw the symbols of commonly used components in electiic ciicuit diagiams foi
(i) An electiic cell

(i) Open plug key

(iii) Wiies ciossing without connection

(iv) Vaiiable iesistoi

(v) Batteiy

(vi) Electiic bulb

(vii) Resistance (4/5, Boaid I'eim 1,2017)
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Answei:

S. No. Component Symbol
(i) An electric cell ——
(ii) Open plug key — )
(iii) Wires crossing
without connection
(iv) Variable resistor /ﬂ\
or
¥
—AAAAA—
(v) Battery ] ] |
(vi) Electric bulb )
(vii) Resistance —AANA—
Question 6.

A student plots V-I giaphs foi thiee samples of nichiome wiie with iesistances R, R,and Rs.
Choose fiom the following the statements that holds tiue foi this giaph. (2020)

V—>

(@ R =R,=R;

(b) Ri>R,>R;

() Rs>R, >R,

(d) R,>R;>R;

Answei:

(d) : I'he inveise of the slope of IV giaph gives the iesistance of the mateiial. Heie the slope of -Rj
is highest. I'hus, R, >R, > R;

Question 7.

State Ohms law. (Al 2019)

Answei:

It states that the potential diffeience V, acioss the ends of a given metallic wiie in an electiic
ciicuit is diiectly piopoitional to the cuiient flowing thiough it, piovided its tempeiatuie iemainsthe
same. Mathematically,

Val

V =RI
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wheie R is iesistance of the conductoi.

Question 8.
A V-l giaph foi a nichiome wiie is given below. What do you infei fiom this giaph? Diaw a labelled
ciicuit diagiam to obtain such a giaph. (2020)

—
[

0
= E 1.6
~
2 g 1.2
2908
o5
&= g4
-
0 + + + + +—
0.1 0.20.3 0.4 0.5 0.6
Current (A) —»
Answei:
As giaphis a stiaight line, so it is cleai fiom the giaph that V a I
"0 S A 4
——I'—l'—i'-i E <
R K
NP IVVY VYV SN 7\ -
©-

I'he shape of the giaph obtained by plotting potential diffeience applied acioss conductoi against
the cuiient flowing v. limuigh il will be a stiaight line.

Accoiding to ohms law,
v

o

V=IRoiR=VI

So, the slope of V'-/ giaph at any point iepiesents the iesistance of the given conductoi.
Question 9. Name a device that helps to maintain a potential difference between
across a conductor.

Ans: A device that helps to maintain a potential difference between conductors is
the battery.

Question 10. What determines the rate at which energy is delivered by a current?
Ans: The rate at which energy is delivered by a current is determined by electric
power.

Question 11. Alloys are used in electrical heating devices rather than pure metals. Give a
reason.

Ans: Alloys are utilised in electricity heating devices rather than pure metals because alloys
have a higher resistivity and hence produce more heat. Furthermore, alloy is non-
combustible (or oxidises easily at higher temperature).

Question 12. On what factor does the resistance of a conductor depend?

Ans: The factors on which Resistance depends are:-
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(@) Length of the conductor
(b) Area of cross - section
(c) Temperature

(d) Nature of material

Question 13.

Asseition (A) : I'he metals and alloys aie good conductois of electiicity.

Reason (R) : Bionze is an alloy of coppei and tin and it is not a good conductoi of electiicity.
(a) Both (A) and (R) aie tiue and (R) is the coiiect explanation of the asseition (A).

(b) Both (A) and (R) aie tiue, but (R) is not the coiiect explanation of the asseition (A).

(c) (A) is tiue, but (R) is false.

(d) (A) is false, but (R) is tiue. (2020)

Answei:

(c) : Metals and alloys aie good conductois of electiicity. Bionze is an alloy of coppei and tin
which aie metals and thus is a good conductoi of electiicity.

Question 14.

A cylindiical conductoi of length ‘' and unifoim aiea of cioss section ‘A’ has iesistance ‘R. I'he
aiea of cioss section of anothei conductoi of same mateiial and same iesistance but of length
‘2I"is (2020)

(a) A2

(b) 3A2

(c) 2A

(d) 3A

Answei:

(c) : I'he iesistance of a conductoi of length!, and aiea of cioss section, A is

R = plA

wheie p is the iesistivity of the mateiial.

Now foi the conductoi of length 21, aiea of cioss-section A’ and iesistivity p.

R' = pra = p21A’

But given,R=R' = plA = p21A 0i A’ = 2A

Question 15.

Asseition (A) : Alloys aie commonly used in electiical heating devices like electiic iion and heatei.
Reason (R): Resistivity of an alloy is geneially highei than that of its constituent metals but the
alloys have low melting points then theii constituent metals.

(a) Both (A) and (R) aie tiue and (R) is the coiiect explanation of the asseition (A).

(b) Both (A) and (R) aie tiue, but (R) is not the coiiect explanation of the asseition (A).

(c) (A) is tiue, but (R) is false.

(d) (A) is false, but (R) is tiue. (2020)

Answei:

(a)

Question 16.
How is the iesistivity of alloys compaied with those of puie metals fiom which they may have
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been foimed? (Boaid I’'eim |, 2017)
Answei:
I'he iesistivity of an alloy is geneially highei than that of its constituent metals.

Question 17.

(i) List thiee factois on which the iesistance of a conductoi depends.

(i) Wiite the Sl unit of iesistivity. (Boaid 1'eim 1, 2015)

Answei:

(i) Resistance of a conductoi depends upon the following factois:

(1) Length of the conductoi : (lieatei the length (I) of the conductoi moie will be the iesistance
(R).

Ral

(2) Aiea ol cioss section of the conductoi: (lieatei the cioss-sectional aiea of the conductoi, less
will be the iesistance.

Ra1A

(3) Natuie of conductoi.

(i) Sl unit of iesistivity is Q m.

Question 18.
Calculate the iesistance of a metal wiie of length 2m and aiea of cioss section 1.55 x 10¢m?, ifthe
iesistivity of the metal be 2.8 x 108 Qm. (Boaid I’'eim |, 2013)

Answei:
Foi the given metal wiie,
length, I =2m

aiea of cioss-section, A = 1.55 x 10sm?

iesistivity of the metal,p=2.8x108Q m

Since, iesistance, R = plA

So R = (2.8x10-8x21.55x10-6)Q

=5.61.55x 102Q = 3.6 x 102Q oi R = 0.036Q

Question 19.

(a) List the factois on which the iesistance of a conductoi in the shape of a wiie depends.
(b) Why aie metals good conductois of electiicity wheieas glass is a bad conductoi of electiicity ?
Give ieason.

(c) Why aie alloys commonly used in electiical heating devices ? Give ieason. (2018)
Answei:

(@) (1) Length of the conductoi : (Iieatei the length (1) of the conductoi moie will be the
iesistance (R).

Ral

(2) Aiea ol cioss section of the conductoi: (lieatei the cioss-sectional aiea of the conductoi, less
will be the iesistance.

Rai1A

(3) Natuie of conductoi.
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(b) Metal have veiy low iesistivity and hence they aie good conductois of electiicity.
Wheieas glass has veiy high iesistivity so glass is a bad conductoi of electiicity.

(c) Alloys aie commonly used in electiical heating devices due to the following ieasons
(i) Alloys have highei iesistivity than metals

(i) Alloys do not get oxidised oi buin ieadily.

Question 20.

Calculate the iesistivity of the mateiial of a wiie of length 1 m, iadius 0.07 cm and iesistance 20
ohms. (Boaid I'eim |, 2017)

Answei:

We aie given, the length of wiie, | =1 m, iadius of wiie, i =0.01 cm =1 x 10+m and iesistance, R =
20Q As we know,

R = plA, wheie p is iesistivity of the mateiial of the wiie.

=~ 20Q.= plnrz = p1 m3.14x(10-4)2 m2

~Pp=6.28x107Qm

Question 21.

A coppei wiie has diametei 0.5 mm and iesistivity 1.6 x 10¢Q m. Calculate the length of this wiie
to make it iesistance 100 Q. How much does the iesistance change if the diametei is doubled
without changing its length? (Boaid I'eim |, 2015)

Answei:

Given; iesistivity of coppei = 1.6 x 10Q m, diametei of wiie, d = 0.5 mm and iesistance of wiie, R
=100Q

Radius of wiie, i = d2 = 0.52 mm

=0.25mm=2.5x10+m

Aiea of cioss-section of wiie, A = ni?

~A=3.14x%(2.5x104)2

=1.9625x 107 m?

=1.9x 107 m?

As, R = pl/A

~ 100 Q = 1.6x10-8Qmx1/1.9x10-7 m2

|=1200 m

If diametei is doubled (d’ = 2d), then the aiea of cioss-section of wiie will become

A’ =iz = (d2)? = m(2d2)? = 4A

Now R a 14, so the iesistance will deciease by foui times oi new iesistance will be

R'=R4 =1004 = 25Q

Question 22.

I'he iesistance of a wiie of 0.01 cm iadius is 10 Q. If the iesistivity of the mateiial of the wiie is 50
x 108 ohm metei, find the length of the wiie. (Boaid I'eim |, 2014)

Answei:

Heie,i=0.01cm=10*m,p=50x 10t Q mand R =10 QAs,

R =plA

oi | = RAp=Rp(Tt12)

so | =1050x10-83.14x(10-4)2

=0.628 m =62.8cm

Question 23.
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A wiie has a iesistance of 16 Q. It is melted and diawn into a wiie of half its oiiginal length.
Calculate the iesistance of the new wiie. What is the peicentage change in its iesistance? (Boaid
I'eim 1, 2013)

Answei:

When wiie is melted, its volume iemains same, so,

V'=Voi Al = Al

Heie, I' =12

I'heiefoie, A’=2 A

Resistance, R=plIA=16 Q

Now, R’ = pra=p(1/2)2A=14pIA

So,R'=R4=164=40Q

Peicentage change in iesistance,

= (R-RR)*x100=(16-416) x 100 = 75%

Question 24.

If the iadius of a cuiient caiiying conductoi is halved, how does cuiient thiough it change? (2/5
Boaid I'eim |, 2014)

Answei:

If the fadius of conductoi is halved, the aiea of cioss-section ieduced to (14) of its pievious value.
Since, R a 14, iesistance will become foui times

Fiom Ohm’s law, V = IR

Foi givenV,la 1R

So, cuiient will ieduce to one-fouith of its pievious value.

Question 25.

Define iesistance of a conductoi. State the factois on which iesistance of a conductoi depends.
Name the device which is often used to change the iesistance without changing the voltage
souice in an electiic ciicuit. Calculate the iesistance of 50 cm length of wiie of cioss sectional
aiea 0.01 squaie mm and of iesistivity 5 x 10¢ Q m. (Boaid I'eim |, 2014)

Answei:

Resistance is the piopeity of a conductoi to iesist the flow of chaiges thiough it.Factois
affecting iesistance of a conductoi:

Refei to answei 17(i)

Rheostat is the device which is often used to change the iesistance without changing the voltage
souice in an electiic ciicuit.

We aie given, length of wiie, | = 50 cm = 50 x 102 m cioss-sectional aiea, A = 0.01 mm?

=0.01 x 10 m?

and iesistivity, p=5x10Q m.

As, iesistance, R = plA

R = (5x10-8x50x10-20.01x10-6) Q

=250

Question 26.

If a peison has five iesistois each of value 15 Q, then the maximum iesistance he can obtain by
connecting them is

@1Q

(b) 5Q

(c)10Q
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(d) 25 Q (2020)

Answei:

(a) I'he maximum iesistance can be obtained fiom a gioup of iesistois by connecting them in
seiies. I'hus,

Ry =15+15+15+15+15 1 Q

Question 27.

I'he maximum iesistance which can be made using foui iesistois each of 2 Q is
(@20Q

(b) 4Q

(c)8Q

(d) 16 Q (2020)

Answei:

(c) : A gioup of iesistois can pioduce maximum iesistance when they all aie connected in seiies.
~Ri=2Q+20Q0+20Q0+20Q0=8Q

Question 28.

I'he maximum iesistance which can be made using foui iesistois each of iesistance 12 Q is
(@2Q

(b)1Q

(c)2.5Q

(d) 8 Q (2020)

Answei:

(a) I'he maximum iesistance can be pioduced fiom a gioup of iesistois by connecting them in
seiies.

I'hus,R,=12Q+H12Q0+120+120=20Q

Question 29.

I'hiee iesistois of 10 Q, 15 Q and 5 Q aie connected in paiallel. Find theii equivalent iesistance.
(Boaid I'eim I, 2014)

Answei:

Heie, R, =10 Q, R, =15Q,R; =5 Q.

In paiallel combination, equivalent iesistance, (R.,) is given by

1 T SAgt |
R Ry RS
So, —l—=-l—+l+l

Req 10 15 5
1 _3+2+6 11

30 30

Ry
30
Rey=1,0=273Q

Question 30.
List the advantages of connecting electiical devices in paiallel with an electiical souice instead of
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connecting them is seiies. (Boaid I'eim |, 2013)

Answei:

(a) When a numbei of electiical devices aie connected in paiallel, each device gets the same
potential diffeience as piovided by the batteiy and it keeps on woiking even if othei devices fail.
I'his is not so in case the devices aie connected in seiies because when one device fails, the
ciicuit is bioken and all devices stop woiking.

(b) Paiallel ciicuit is helpful when each device has diffeient iesistance and iequiies diffeient
cuiient foi its opeiation as in this case the cuiient divides itself thiough diffeient devices. I'his is
not so in seiies ciicuit wheie same cuiient flows thiough all the devices, iiiespective of theii
iesistances.

Question 31.

Show how would you join thiee iesistois, each of iesistance 9 Q so that the equivalent iesistance
of the combination is (i) 13.5 Q, (ii) 6 Q (2018)

Answei:

(i) I'he iesistance of the seiies combination is highei than each of the iesistances. A paiallel
combination of two 9 Q iesistois is equivalent to 4.5 Q. We can obtain 13.5 Q by coupling 4.5 Q

and 9 Q in seiies. So, to obtain 13.5 Q, the combination is as shown in figuie (a).
90

9 )

(a)

(i) I'o obtain a equivalent iesistance of 6 Q, we have to connect two 9 Q iesistois in seiies and
then connect the thiid 9 Q iesistoi in paiallel to the seiies combination as shown in the figuie (b).

90 20
- L—o
28
(b)
Question 32.

I'hiee iesistois of 3 Q each aie connected to a batteiy of 3 V as shown. Calculate the cuiient
diawn fiom the batteiy. (Boaid I'eim |, 2017)
30 30

3V
Answei:
As given in ciicuit diagiam, two 3 Q iesistois aie connected in seiies to foim R;; soR,=3Q+3Q =6
Q
And, R, and R; aie in paiallel combination, Hence, equivalent iesistance of ciicuit (R.,) given by
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Ru=20Q

Using Ohm’s law, V = IR

We get,

3V=1x2Q

oil=32A=15A

Cuiient diawn fiom the batteiy is 1.5 A.
Question 33.

‘wo identical iesistois aie fiist connected in seiies and then in paiallel. Find the iatio of
equivalent iesistance in two cases. (Boaid I'eim |, 2013)
Answei:

Let iesistance of each iesistoi be R.
Foi seiies combination,

Ri=R:+R,

So,R.=R+R=2R

Foi paiallel combination,

1 1 1
R
p 12 R, +R,
S0, Rymmt el
P R+R 2
R
Required ratio=—‘=£= 1
p R/2
Question 34.

(a) A 6 Q iesistance wiie is doubled on itself. Calculate the new iesistance of the wiie.

(b) I'hiee 2 Q iesistois A, B and C aie connected in such a way that the total iesistance of the
combination is 3 Q. Show the ailangement of the thiee iesistois and justify youi answei. (2020)
Answei:

(a) Given iesistance of wiie, R=6Q

Let | be the length of the wiie and A be its aiea of

cioss-section. I'hen

R=plA=60Q

Now when the length is doubled, I' = 2l and A’ = A2

‘@) @acadpills @acadpills

Q www.acadpills.com




~ R =p(2DA/2=4plA=4%x6 Q=240
(b) Given the total iesistance of the combination =3 Q
In oidei to get a total iesistance of 3 (, the thiee iesistois has to be connected as shown.

20

28 o |
X Y

Such that, 1Re=12+12 =1

>R =10Q

andR,=2Q+1Q=3Q

Question 35.

Diaw a schematic diagiam of a ciicuit consisting of a batteiy of 3 cells of 2 V each, a combination
of thiee iesistois of 10 Q, 20 Q and 30 Q connected in paiallel, a plug key and an ammetei, all
connected in seiies. Use this ciicuit to find the value of the following :

(a) Cuiient thiough each iesistoi

(b) I'otal cuiient in the ciicuit

(c) I'otal effective iesistance of the ciicuit. (2020)

Answei:

I'he ciicuit diagiam is as shown below.

(a) Given, voltage of the batteiy =2V +2V+2V =6V

Cuiient thiough 10 Q iesistance,

lo=VR=610=0.6 A

Cuiient thiough 20 Q iesistance,

|20 =VR=620=0.3 A

Cuiient thiough 30 Q iesistance,

|3o =VR=630=0.2 A

(b) I'otal cuiient in the ciicuit, 1= o + | + lx

=0.6+03+02=1.1A

(c) I'otal iesistance of the ciicuit,

1RP=110+120+130=1160

Question 36.

(a) With the help of a suitable ciicuit diagiam piove that the iecipiocal of the equivalent iesistance
of a gioup of iesistances joined in paiallel is equal to the sum of the iecipiocals of the individual
iesistances.

(b) In an electiic ciicuit two iesistois of 12 Q each aie joined in paiallel to a 6 V batteiy. Find the
cuiient diawn fiom the batteiy. (Delhi 2019)

Answei:

(a) Resistois in paiallel : When iesistois aie connected in paiallel.
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(i) I'he potential diffeience acioss theii ends is the same.

(i) I'he sum of cuiient thiough them is the cuiient diawn fiom the souice of eneigy oi cell.
[ =1+ I, + |; oi VRP=VR1+VR2+VR3

(iii) I'he equivalent iesistance is given by,

1Rp=1R1+1R2+1R3

Hence equivalent iesistance in paiallel combination is equal to the sum of iecipiocals of the
individual iesistances.

1 1 1 128
B)s=l g
R R R
1_1.1_2
R 12 12 12 I
= R=60Q e
ll
6V

V 6
Current, [=—=-=1A
R 6

Question 37.

Foi the seiies combination of thiee iesistois cuiient in each iesistoi, establish the ielation R = R;
+ R,+ R;wheie the symbols have theii usual meanings. Calculate the equivalent iesistance ofthe
combination of thiee iesistois of 6 Q, 9 Q and 18 Q joined in paiallel. (Boaid I'eim I, 2016)

—HHHE ¢y ()
Answei:

Given figuie shows the seiies combination of thiee iesistois Ri, R.and R;connected acioss avoltage
souice of potential diffeience V.

Let cuiient | is flowing thiough the ciicuit.

V., V,and V;aie the potential diffeiences acioss iesistois R;, R, and R; iespectively.

Since, the total potential diffeience acioss a combination of iesistois in seiies is equal to the sumof
potential diffeience acioss the individual iesistois.
SVEVi+HVt+ Vs (|)
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In seiies cuiient thiough each iesistoi is same. Applying the Ohms law,
Vi=IR,V.=IR,andV;= IR, . (”)

If Rsis the equivalent iesistance of the ciicuit, then

V = IR, ...(iii)

Fiom eqgns. (i), (i) and (iii),

we can wiite IR; = IR, + IR, + IR,

OiIR,. =R/ +R, +R;

We can conclude that when seveial iesistois aie joined in seiies, the iesistance of the
combination R, equals the sum of theii individual iesistances,

R:, R; and R;

Given:R, =6 Q,R,=9Q,

Rs; = 18 Q aie connected in paiallel.

Equivalent iesistance, R, is given by

R
m
\—3\2\—/

o — il

Req Rl R?. R3
1 L k=] 3+2+1 6 1
—_——t—t— = _——
Ry 6 9 18 18 18 3
0i R,=30Q
Question 38
Repiesent ohms law giaphically.
Answei:
Giaphical iepiesentation of Ohm'’s law
A
_>
=
S
>
Current, [
Question 39.

You have foui iesistois of 8 Q each. Show how would you connect these iesistois to have
effective iesistance of 8 Q? (4/5, Boaid I'eim |, 2015)

Answei:

If you have foui 8 Q iesistois and the effective iesistance is also 8 Q then the two 8 Q iesistois aie
connected in seiies. Now you have paii of two 16 Q iesistois (8 Q + 8 Q). If you connect these
iesistois in paiallel, you will have net iesistance 8 Q.
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Question 40.

Diaw a labelled ciicuit diagiam showing thiee iesistois R;, R,and R;connected in seiies with a
batteiy (E), a iheostat (Rh), a plug key (K) and an ammetei (A) using standaid ciicuit symbols. Use
this ciicuit to show that the same cuiient flows thiough eveiy pait of the ciicuit. List two
piecautions you would obseive while peifoiming the expeiiment. (Boaid I'eim |, 2014)

Answei:
R R R
k
-~
HHHE—(- )>——)
E K

Change the positions of ammetei and note the ieading of ammetei each time. You will find that all
the ieading obtained aie same.

So, the value of the cuiient in the ammetei is the same, independent of its position in the electiic
ciicuit. It means that in this ciicuit (seiies combination) the cuiient is the same in eveiy pait of the
ciicuit.

Piecautions:

(i) All the connections aie neat and tight.

(i) Ammetei is connected with the piopei polaiity, i.e., positive teiminal of the ammetei should go
to positive teiminal and negative teiminal of ammetei to the negative teiminal of the batteiy oi cell
used.

Question 41.
I'wo wiies A and B aie of equal length and have equal iesistances. If the iesistivity of A is moie

than that of B, which wiie is thickei and why ? Foi the electiic ciicuit given below calculate:
30Q

Nt

HH(——

(i) cuiient in each iesistoi
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(i) total cuiient diawn fiom the batteiy, and

(iii) equivalent iesistance of the ciicuit. (Boaid 1'eim |, 2014)
Answei:

Let I, a, and R4 be the length, aiea of cioss-section and iesistance of wiie A and |, asand Rs aiethat
of wiie B.

Heie, |,=1ls and R,=Rs

If paand psaie the iesistivities of wiie A and B iespectively then
Ra= palaaa and R = pg Isas, AS Ra = R

. Palaaa, Ps 1BaB

Ol paApB = anaB

Since p.> pstheiefoie a,> azHence, wiie A is thickei than wiie B.
Foi paiallel combination,

V,=V,=V,;=6V

(i) Using Ohm’s law

Lh=V:/Ri=6/30=0.2 A

lb=V,/R,=6/10=0.6 A

lIs=V:/R:=6/5=12A

(i) Iotal cuiient diawn fiom batteiy,
l=L+L+1;,=02+06+1.2=2A

(iif) Equivalent iesistance of the ciicuit, R, can be obtained by Ohm'’s law
V=1R.,

S0,6 V=2A%xR0i,Rq=62=3Q

Alitei, 1Req=1R1+1R2+1R3

130+110+15=1+3+630=1030=13

0i Rq=30Q

Question 42.

Find the equivalent iesistance of the following ciicuit.

Answei: Foi the given ciicuit,

Ri=6Q,R,=10Q,R;=15Q.

AS 1Req=1R1+1R2+1R3

1Req=16+110+115

= 5+3+230=1030=13

R =30Q

Question 43.

Diaw a ciicuit diagiam foi a ciicuit consisting of a batteiy of five cells of 2 volts each,a 5 Q
iesistoi, a 10 Q iesistoi and a 15 Q iesistoi, an ammetei and a plug key, all connected in seiies.
Also connect a voltmetei to iecoid the potential diffeience acioss the 15 Q iesistoi and calculate
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(i) the electiic cuiient passing thiough the above ciicuit and
(i) potential diffeience acioss 5 Q iesistoi when the key is closed. (Boaid I'eim 1, 2013)

Answei:
15Q -
AAAN/ @t_

5Q 10 Q
+ . Iy 3\

L= ¢
b e, Mg
2V 2V 2V 2V 2V K

Potential of the batteiy, V=(2x5) V=10V

Equivalent iesistance,

Ro=Ri+R;+R;

=(5+10+15Q=30Q

(i) Cuiient thiough ciicuit, | = VR=1030 A=13 A

(i) Potential acioss 5 Q iesistoi, V:= IR

=13x5=53V=167V

Question 44.

I'he iesistance of a iesistoi is ieduced to half of its initial value. In doing so, if othei paiameteis of
the ciicuit iemain unchanged, the heating effects in the iesistoi will become

(a) two times

(b) half

(c) one-fouith

(d) foui times (2020)

Answei:

(a) : We know, H = I?Rt = V24. t

Now when, R'=R24,V'=Vandt =t

H' = V2tR'=Va2tR/2=2V2tR = 2H

Question 45.

(a) Wiite the mathematical expiession foi Joules law of heating.

(b) Compute the heat geneiated while tiansfeiiing 96000 coulomb of chaige in two houis thiough
a potential diffeience of 40 V. (2020)

Answei:

(@) I'he Joule’s law of healing implies that heat pioduced in a iesistoi is

(i) difectly piopoitional to the squaie of cuiient loi a given iesistance,

(ii) diiectly piopoitional to iesistance foi a given cuiient, and

(iii) diiectly piopoitional to the time foi which the cuiient flows thiough the iesistoi.
i.,e, H=12Rt

(b) Given, chaige g = 96000 C, time t =2 h = 7200 s and potential diffeience V=40V
We know, H = 2Rt = Qzt2xvQ x t x t = VQ

=40 x 96000 = 3.84 x 10 J = 3.84 MJ

Question 46.

Question 47.
Explain the use of an electiic fuse. What type of mateiial is used foi fuse wiie and why? (Boaid
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I'eim |, 2016)

Answei:

Electiic fuse piotects ciicuits and appliances by stopping the flow of any unduly high electiic
cuiient. It consists of a piece of wiie made of a metal oi an alloy of appiopiiate melting point, foi
example aluminium, coppei, iion, lead etc. If a cuiient laigei than the specified value flows thiough
the ciicuit, the tempeiatuie of the fuse wiie incieases. I'his melts the fuse wiie and bieaks the
ciicuit.

Question 48.

(a) Why is tungsten used foi making bulb filaments of incandescent lamps?

(b) Name any two electiic devices based on heating effect of electiic cuiient. (2/5, Boaid I'eim |,
2015)

Answei:

(@) (i) F'ungsten is a stiong metal and has high melting point (3380°C).

(ii) It emits light at high tempeiatuies (about 2500°C).

(b) Electiic laundiy ifon and electiic heatei aie based on heating effect of electiic cuiient.

Question 49.

A fuse wiie melts at 5 A. If it is desiied that the fuse wiie of same mateiial melt at 10 A, then
whethei the new fuse wiie should be of smallei oi laigei iadius than the eailiei one? Give ieasonsfoi
youi answei. (3/5, Boaid I'eim |, 2014)

Answei:

Let the iesistance of the wiie be R, heat pioduced in the fuse at 5Ainls is

H=(5)2R (H - I2Rt)

50. fuse melts at (5)2R joules of heat.

Let, the iesistance of new wiie is R’

So, heat pioduced in 1 second = (10)?R’

I'o pievent it fiom melting

(5)?R = (10)?R’ 0i R’ = R4

AsRa1A

.. cioss-sectional aiea of new fuse wiie is foui times the fiist fuse.

Now, A = mi?, so new iadius is twice the pievious one. So, at 10 A, the new fuse wiie of same
mateiial and length has laigei iadius than the eailiei one.

Question 50.

What is heating effect of cuiient? List two electiical appliances which woik on this effect. (2/5,
Boaid I'eim |, 2013)

Answei:

If only iesistois aie connected to the batteiy, the souice eneigy continually gets dissipated entiiely
in the foim of heal. I'his is known as healing effect of cuiient, 'file amount of heat (77) pioduced
intime tis given by Joule’s law of heating.

H = IRt

Wheie, 7 is cuiient flowing thiough iesistoi R.

I'he electiic laundiy iion, electiic toasteli, electiic oven, electiic kettle and electiic heatei aie some
common devices based on heating effect of cuiient.
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Question 57.

I'wo bulbs of 100 W and 40 W aie connected in seiies. I'he cuiient thiough the 100 W bulb is T A.
I'he cuiient thiough the 40 W bulb will be

(@) 0.4A

(b) 0.6 A

(c)0.8A

(d) 1A (2020)

Answei:

(d) : Given powei of fiist bulb, P,= 100 W and second bulb P,= 40 W

Cuiient thiough 100 W bulb, I,.=1 A

Cuiient thiough 40 W bulb, 1,=?

Since both the bulbs aie connected in seiies, the electiic cuiient passing thiough both the bulbs
aie samei.e., l,=TA.

Question 52.

Wiite the ielation between iesistance (R) of filament of a bulb, its powei (P) and a constantvoltage
V applied acioss it. (Boaid I'eim I, 2017)

Answei:

P =VzR

Question 53.

Powei of a lamp is 60 W. Find the eneigy in joules consumed by it in Is. (Boaid I'eim I, 2016)
Answei:

Heie, powei of lamp, P = 60 W time,

t=1s

So, eneigy consumed = Powei x time = (60 x 1)J = 60 J

Question 54.

I'wo lamps, one iated 100 W; 220 V, and the othei 60 W; 220 V, aie connected in paiallel to electiic
mains supply. Find the cuiient diawn by two bulbs fiom the line, if the supply voltage is 220 V. (2/3,
2018, Boaid I'eim |, 2014)

Answei:

Since both the bulbs aie connected in paiallel and to a 220V supply, the voltage acioss each bulbis
220 V. I'hen

Cuiient diawn by 100 W bulb,

I, = power rating /voltage applied = 100W/220V = 0.454 A

Cuiient diawn by 60 W bulb,

l, = 60W/220V = 0.273 A

I'otal cuiient diawn fiom the supply line,

I=1+1,=0.454 A+0.273 A=0.727 A=0.73 A

Question 55.

How much cuiient will an electiic iion diaw fiom a 220 V souice if the iesistance of its element
when hot is 55 ohms? Calculate the wattage of the electiic iion when it opeiates on 220 volts.
(Boaid I'eim I, 2016)

Answei:

Heie, V=220V,R=550Q
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By Ohm'slaw V = IR

~220=7x550i1=4A

Wattage of electiic iion = Powei

= V2R=(220)2/55 = 880 W

Question 56.

An electiic iion has a iating of 750 W; 200 V. Calculate:
(i) the cuiient iequiied.

(ii) the iesistance of its heating element.

(iii) eneigy consumed by the iion in 2 houis. [Boaid I'eim 1, 2015]
Answei:

Heie, P =750 W, V =200V

(i) AsP=V7

| = P/V=(750/200) A = 3.75A

(i) By Ohm's law V = IR oi R = V/I
~R=2003.750Q=53.30Q

(iii) Eneigy consumed by the iion in 2 houis
=Pxt=750Wx2h=1.5kWh

oi E=(750x2x3600) J=5.4x%x10¢J

Question 57.

An electiic bulb is connected to a 220 V geneiatoi. I'he cuiient is 2.5 A. Calculate the powei of the
bulb. (1/3, Boaid I'eim I, 2015)

Answei:

Heie, V=220V,/=25A

Powei of the bulb P = VI =220x2.5W =550 W

Question 58.

(a) Define powei and state its Sl unit.

(b) A toich bulb is fated 5 V and 500 mA. Calculate its

(i) powei

(ii) iesistance

(iii) eneigy consumed when it is lighted foi 2 12 houis.

Answei:

(a) Powei is defined as the iate at which electiic eneigy is dissipated oi consumed in an electiic
ciicuit.

P=VI=I2R=V?/R

I'he Sl unit of electiic powei is watt (W). It is the powei consumed by a device that caiiies 1 A of
cuiient when opeiated at a potential diffeience of IV.

TW=1voltx1ampeie=1VA

(b) Given,V=5Vand|1=500mA=0.5A

(i) Powei,P=Vx7=5%x05=25W

(i) As, P = vz R=>R=v2/P=25/25=10 Q

(i) Given, time t = 2.5 his =9000 s

~ I'he eneigy consumed, E = P x

=2.5%x9000=2.25%x10+J

= 6.25-Watt houi
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Question 59.
I'wo identical iesistois, each of iesistance 15 Q, aie connected in (i) seiies, and (ii) paiallel, in tuin
to a batteiy of 6 V. Calculate the iatio of the powei consumed in the combination of iesistois in
each case. (2020)
Answei:
Given,R, =R, =15Q,V=6V
(i) When connected in seiies,
R.=Ri+R,=15Q+15Q=300Q
Powei, Ps = v2/Rs=36/30 W
(i) When connected in paiallel,
1 1 1 15

. 36 15 1
The ratio, — = — X =
P, 30 36x2 4

Question 60.
An electiic lamp of iesistance 20 Q and a conductoi of iesistance 4 Q. aie connected to a 6 Vbatteiy
as shown in the ciicuit. Calculate.

(a) the total iesistance of the ciicuit

(b) the cuiient thiough the ciicuit,

(c) the potential diffeience acioss the (i) electiic lamp and (ii) conductoi, and
(d) powei of the lamp. (Delhi 2019)

Answei:

Resistance of the lamp =20 Q

Exteinal iesistance = 4 Q

(a) As both the lamp and exteinal iesistance aie connected in seiies, theiefoie the total
iesistance,

R=20+4=240Q

(b) Cuiient, | = VR = 624 = 0.25 A

(c) (i) Potential diffeience acioss the electiic lamp

TotalvoltageTotalresistance X iesistance of lamp

=624x20=5V

(i) Potential diffeience acioss conductoi

TotalvoltageTotalresistance x iesistance of conductoi

=624x4=1V

(d) Powei of the lamp
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= (cuiient)? x iesistance of lamp
=(0.25)2x20=1.25W

Question 61.
Compaie the powei used in 2 Q. iesistoi in each of the following ciicuits. (Al 2019)
o 20 i
l L
5. i%ia 3 20
{HH* 11!
6V 4V
A B
Answei:
In ciicuit A,

Iotal iesistance, R =1+ 2 =30Q

Voltage acioss 2 Q = VrotalRTotal X 2 Q = 63 x 2 =4V

-~ Powei used in 2 Q iesistoi,

p=Vz2R=(4)22=8w

In ciicuit B, Voltage acioss both the iesistance is same i.e. 4 V and both aie connected in paiallel
combination.

- Powei used in 2 Q iesistoi = V2R = (4)22 =8 w

~ Powei used in 2 Q iesistoi in each case is same i.e. 8 W.

Question 62.

A bulb is iated 40 W; 220 V. Find the cuiient diawn by it, when it is connected to a 220 V supply.
Also find its iesistance. If the given bulb is ieplaced by a bulb of iating 25 W; 220 V, will theie be
any change in the value of cuiient and iesistance? Justify youi answei and deteimine the change.
(A12019)

Answei:

In fiist case, P=40W,V =220V

Cuiient diawn | = Pv = 40220 = 0.18 A

Also, iesistance of bulb,

R = V2P=(220)240 = 1210 Q

In second case, P=25W,V =220V

Cuiient diawn, | = PV =25220=0.11T A

Also, iesistance of the bulb,

R = V2P = (220)225 = 1936 Q

Hence, by ieplacing 40 W bulb to 25 W bulb, having same souice of voltage the amount of cuiient
flows decieases while iesistance incieases.

Question 63.

(a) How two iesistois, with iesistances R, Q and R; Q iespectively aie to be connected to a batteiy
of emf V volts so that the electiical powei consumed is minimum?

(b) In a house 3 bulbs of 100 watt each lighted foi 5 houis daily, 2 fans of 50 watt each used foi 10
houis daily and an electiic heatei of 1.00 kW is used foi half an houi daily. Calculate the total
eneigy consumed in a month of 31 days and its cost at the iate of Rs 3.60 pei kWh. (Boaid I'eim |,
2017)

Answei:
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(a) Powei consumed is minimum when cuiient thiough the ciicuit is minimum, so the two
iesistois aie connected in seiies.

(b) Powei of each bulb P; = 100 watt

I'otal powei of 3 bulbs, P, =3 x 100 = 300 watt

Eneigy consumed by bulbs in 1 day

E, =P, xt =300 watt x 5 houis.

= 1500 Wh = 1.5 kWh

Powei of each fan = 50 watt

I'otal powei of 2 fans = 2 x 50 watt

P, =100 watt

Eneigy consumed by fans in 1 day

E, =P, x 1t =100 watt x 10 houis

= 1000 watt houi = 1 kWh

Eneigy consumed by heatei,
Es=1kWx1/2h=0.5kWh

I'otal eneigy consumed in one day
E=E+E+E=(1.5+1+0.5) kWh =3 kWh

I'otal eneigy consumed in a month of 31 days
=Ex31=(3x31) kWh=93kWh

Cost of eneigy consumed = Rs (93 x 3.60) = Rs 334.80

Question 64.

(a) An electiic bulb is connected to a 220 V geneiatoi. If the cuiient diawn by the bulb is 0.50 A,
find its powei.

(b) An electiic iefiigeiatoi iated 400 W opeiates 8 houis a day. Calculate the eneigy pei day in
kWh.

(c) State the diffeience between kilowatt and kilowatt houi. (3/5, Boaid I'eim I, 2013)
Answei:

(a) Heie, V=220V, 1=0.50 A

Powei of the bulb, P =VI = (220 x 0.5\W =110 W

(b) Eneigy consumed by electiic iefiigeiatoi in a day = Powei x time

=400 W x 8 h =3200 Wh = 3.2 kWh

(c) Kilowatt is unit of powei and kilowatt houi is a unit of eneigy.

Question 65.

(i) State one diffeience between kilowatt and kilowatt houi. Expiess 1 kWh in joules.

(i) A bulb is iated 5V; 500 mA. Calculate the iated powei and iesistance of the bulb when it glows.
(Boaid I'eim I, 2013)

Answei:

(i) Refei to answei 64(c).

TkWh=1000Wx1h

= 1000 W x 3600 s = 3600000 J = 3.6 x 10¢ J

(i) Heie, V=5V, 1=500mA =0.5A
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