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1. Electric Charge and Electric Current

| 1. Electric Charge [Two types of charge: |
| ® Electric charge is a fundamental property of matter (i) Positive charge (+) ﬁ
due to which it experiences electric force. (i) Negative charge (-) |

|
e It is ‘fiemted bH Q or g. i Charge on electron = -1.6 x 16-1%c
e ST unit : coulomb (C) | Charge on proton =+1.6 x 1077 C
| » It is a scalar quantity. | | Charge on neutron =0 :
|

| o 1t can be positieloninedatives SE N T 0 e e e e s :
* Like charges vepel and unlike charges attract. —® ® e ®-

Like charges repe! Unlike charges attract

2. Conservation of Charge S F AR S NS R 2

|ES . ' | Example : When a glass rod is
| » Charge can neither be created nor destroyed. {iEbed Biithan. silkacloth @lectkons

I
| e It can only be transferred from one body to another. | o 4 onctorred from the glass rod E
¢ The total charge of an isolated system remains | Yo the cloth. The rod becomes |

' :

|

i

constant. | positively charged and the cloth
| becomes negatively charged, but
: the total charge remains zero.

;3. Conductors and Insulators

~® Conductors : Substances which allow electric charge
to flow through them.
Examples : metals (copper, aluminium, silver),

| human body, salt solution etc.

| o Insulators : Substances which do not allow electric
charge to flow. ,

Examples : rubber, plastic, glass, dry wood, air etc.

loosely bound and can move freelg.
In insulators, electrons are tightly
bound and cannot move ?reeig.

‘4. Electric Current et Ity o S

: | Types of current flow :
o Electric current is the rate of flow of electric charge | 2
through a conductor. |

Flow of positive charge from
positive to negative terminal.

>

e It is denoted by T

|
| Q I = current ((A) :
I = { Q = charge (C) |
t |

|

1

|

|
1 i
. {
(i) Conventional current : |
|
|
[
|

(i) Electron current : i

Flow of electrons (negative charge) !
from negative to positive terminal. i
|

t = time (s)
* SI unit : ampere (A)

1 coulomb
e GORGIRD,
| LA = T second i S S i
Examples and Numericals Example 3 : What is the time taken for 24 C of
i ' ?
Example 1 : A charge of 12 C flows through a wire Cha‘rﬂe to flow g thazi””e“t is 2 A
in 3s. Find the current. Solution : t= T=5-=125
S RO R 12 T 2 T it

1. If 8 C of charge flows through a wire in 4s,
what is the current ?
Example 2 : How much charge flows through a @ 1A by 2A () 4A d) 8 A

|
|
|
: : ; |
conductor in 10's if the current is 0.5A ? 1 2. How much cho.rﬂe flows in 5 min ’ch'rough a
Solution : Q =Ixt = 05x10 =5C : wire if current is 3 A ?
‘ I (a) 15 C (b) 300C (c) 600C (d) 900C
e, S e T e TR e e o e
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- 2. Electric Potential

| 1. Meaning and Definition

| Electric potential due to a point charge :

| |

| |

o Electric potential at a point is the amount | kQ ,

| of electric potential energy possessed by a | V = v P
unit positive charge placed at that po'm%. l‘ e — @ = =%

e It is denoted by V. g i - 9x10° Nm¥/C? I
o Electric potential is a scalar quantity. S8 TofE: & !
| e e | Electric potential at point P
| o SI unit : volt (V). | Q = charge (C) :C"“;P" '_t."' c};’: |
| e 1 volt = 1 joule per coulomb (1V=1T/C). |  _4 it ue to a positive charge |
e It depends E}]n the position in an electric field. :_E_,Fls_t?riciim_m__e f“mge_(ri) _____________ JI

| 2. Electric Potential Ene,rgg "Ex:m_‘lzz‘: ———————————————— 5
When a charge is placed in an electric field, i A charge of 2 uC is placed at a point
| it possesses electric potential energy (U). where the potential is 100 V. Find the

| |
e Ce '
Electric potential is the potential energy | electric potential energy. y E
per unit charge. . | Given : V=100V, ¢=2pC=2x107C |
' » | |

e i

I |

- u_ "1 [ V = electric potential (V) Formula : U= qV
[ V = = ‘ U = electric potential energy (J) Solution: U= 2x107™° x 100
{ q, ] q = charge (C) = 210 T
— TE RSP T B o

3. Work Done and Electric Potential

If 5 J of work is done in bringing Qa r;ha.rge:
of 10 mC from infinity to a point, what is |
| the electric potential at that point ?

Given: W=5J7, ¢=10mC =0.01C

= — - -

-

e The work done in bringing a charge g from :
infinity to a point in an eqectr]c field is equal I
to the electric potential energy of the charge. |

e Thus, electric potential at a point is also |
defined as the work done per unit positive |

|

|

|

L

la: V= w
| cho.rge in bringing it from infinitg to that point. i b ‘15
. p e e . . W b (:[) Solution : V = D.01 =500
- = work done p = S A S B
‘ Vs -W— | { q, = charge (C) Al G AT LIt P RS i '
L 9 | LV = electric potential (V)

. |
o Electric potential is positive for a positive charge :
and negative for a negative charge. 1
£ At infinity, electric potential is taken as zero (V=0).|

— - — - —— — — — ———— T — —— — —— —p—_ =

1+ Equipotential Susfoce =~ = = CETi CoC T T D STLT T AT

. g : : =]
| o A surface on which the electric potential is Equipotential surfaces around a point charge :

the same at all points is called an equipotential
surface.

. ® No work is done in moving a charge along an

|
|
|
|
|
|
e
‘|
|
i
|
|
I
|

|

|

|

|

|

[
I does not change. lr i 3 "’\/%lf’
| ® Equipotential surfaces are always perpendicular { = - = T —

|

|

equipotential surface because the potential i
l to the electric field lines. Posii?i\:e charge Ne a’(;ive' charge
' (V is positivs (V is negativeg
5. oints =@2z0z @@z —— |
' 5 @B_P_ _ : | Formula for potential due to a point charge :
| ® Electric potentlal is a scalar quantity. ké : =" |
| o Tt is measured in volt (V). | o V = o ‘
Lo It depends on the distance and magnitude of charge. e k = 9x10° Nm/C?
| o Ttis positive near a positive charge and negative near | o 16 OF ismrvel /e sk v

| a negative charge. | . \
| o Potential is zero at infinity. 2 EF Qis -ve, V is -ve



www.toppersguru.com

| Effect of Current 3
|

3. Potential Difference (Voltage)

| 1. Meaning and Definition |
o The potential difference between two points |
ii in an electric field is the work done per unit |
positive charge in moving a charge from one |

|| point to the other. | Vg = Work done in moving 1 C charge
|
|
|
|
|
|

=
Potential difference between two points A and B :

| o It is denoted by V or AV. from A to B.
| o ST unit : volt (V).
i- © 1V =1 joule per coulomb (1V =17/C). | T Was
| ( _W_ ' { = potential difference (V) Q
V = — W = work done (J) e g
' Q q = charge (C)
' 2. Relation with Electric Potential  Example1: i

| * Electric potential at a point is the potential energy
per unit charge at that point with respect to a
reference point (usually taken at infinity).

Potential difference between two points A and B is
the difference of their electric potentials.

Vag = Va - Vg

The electric potential at point A is 20 V
and at point B is 5V. Find the potential
difference between A and B.

Given: V,=20V, V=5V
Formula . VAB = VA = VB
Solution ; V., =20-5 =15V

3. Potential Difference in a Uniform Electric Field | yifom electric fild between two plates:
| In a uniform electric field, the potential difference f E

between two points sepamted by distance d along the + >
field is given by : 4 -
V = potential difference (V) + 3
| Ed { E = electric field strength (V/m) | g <
d = distance (m) [
i S
e e e 9

Example 2 : The electric field between two parallel plates is

5x10° V/m. The separation between the plates is 0.02 m. o Potential is the property of a single

| |
' i
| Find the potential difference between the plates. : point, while potential difference is |
| Given : E =5x10°V/m, d = 0.02 m } the difference in potential between i
[ |
|
|

: a oy o, 3 3 two points.
| Formula: V=Ed Solution: V=5x10°x002=100V | Potential difference can be measured !

with a voltmeter. I

' 4. Sources of Potential Difference S_u " T n;;r;m" L ! gu:n P ¥, 3 ;a_tt;r; #1

e A cell or buiterg maintains a potential difference

|
|
| between its two terminals by chemical action. | n
o The positive terminal is at higher potential and | I_ ¢
I
|

| the negative terminal is at lower potential. |1

| o The potentla | difference is equal to the work done | Longer line : +ve terminal H Cbitlat oioR Eiotor

by the cell in moving a unit positive charge from | Shorter [ s midre cells.
the negative to the positive terminal inside the cell. o e R N J
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4. Ohm’s Law
1. Statement of Ohm's Law raning:

|
o At a constant temperature, the current : o If the potential difference is increased,
flowing through a conductor is directly | the current also increases in the same
proporiional to the potential difference | ratio, provided the temperature remains
across its ends. } constant.
|
|
|
|
|

o Mathematically, | o The V-I ratio (V/I) is constant for

1 V = potential difference (V) a conductor.
{ M= LR { I = current (A) 2 \V (Rés conitar%t
‘ = yesi =R at constan
R = resistance () i S

2. Experimental Verification | | Circuit diagram for verification of Oh's law : |
| A resistor (nichrome wire) is connected in ;i
series with a battery, key, rheostat and ammeter.

Ammeter R Rheostat
—

| | I
| |
| I
- : : : R Vo |
o A voltmeter is connected in parallel with | W, MWW WWWW— |
; | (nichrome wire) |
the resistor. | [
e The current is changed by using a rheostat. I +®' L
» Ammeter and voltmeter readings are noted | e K i
and a V-1 graph is plotted. | L $0) |
L___CovfBdiEy e i
3. O_bservations r 'V'_I' G_l_'a h; i
S No. | Potential difference | Current V/I | A A T Dy e i
i V (volt) I (ampere) (ohm) I The gmph isa |
1. 0.5 0.1 5 i stratght tane . ;
| passmg rough |
2 1,0 02 > ' the origin, shewmg
3. 15 0.3 5 J Vol |
4, 2.0 0.4 5 SR A——— =
2 2.5 0.5 5 | 0 01 02 03 04 05 L (ampere)
4 Limitations of Ohm’s Law " Ohmic and Non-Ohmic Conductors: E
o It is valid only when physical conditions like | Ohmic conductor Non-ohmic conductor |
temperature, pressure etc. remain constant. | (eg. metal wire) (e.9. filament. lamp) ;
e Tt is not valid for non-ohmic conductors such ll :
as filament lamp, diode, transistor etc. : Vv Vv !
e At very high temperatures, the proportionality | ;
between V and 1T may not hold. : 0 I 0 I 1
| Straight line graph Curved araph [
| A it O N NN
, 5. E_’LC'L“ELe Another Example
A current of 0.5 A flows through a resistor The potential difference across a conductor is 12 V
of 10 Q. Find the potential difference across it. and the current is 3 A. Calculate the resistance.
Given: I=05A, R=10Q Given: V=12V, I=3A
Formula : v =1R Formula : R = %
Solution : V=05x%x10 =5V Solition’:. K= 13_2 10
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5. Resistance and Resistivity

|

| 1. Electric Resistance

¢ The prope'rtg of a conductor which opposes the
flow of electric current through it is called

electric resistance.
e Tt is denoted bg R.
e ST unit : ohm (Q).

Phgsical meaning :

| Fa potential difference of 1V is applied
| across a conductor and the current

| flowing through it is 1 A, then its
resistance is 1 0.

r
|

e 1 ohm is the resistance of a conductor through i R=10
which 1 A current flows when the potential : ——AWWWW\——
difference across it is 1 V. 1 =1AT
v ' R = resistance (Q) I
[ R = — | { V = potential difference (V) ! E| =
. | LI = current (A) | 1V
, - (SN ST ) e e =
' 2. Factors Affecting Resistance P 4
_ The resistance of a conductor depends on : : (higlhitgiis;’;;ice} :
(i) Length (L) : R e« L  (longer wire - higher resistance) | 0 0 l
| (ii) Cross-sectional area (A) : R « % (thicker wire = lower resistance) s e > :
{ (iii) Nature of material : different materials have different resistances. I Shorter wire |
' (iv) Temperature (T) : for metals, resistance increases with rise in temperature.I Lt I
|
! o W [ SN s |
3. Resistivity L P e e
. TheJc rgsilsta_lr_l}(‘;_e of a c:ndu;’cor defer}df on itls[ ) ervaion . = =1
matenio” oS SPIOPEELY S0E -0 SMCLERI0 =15 006 i Resistance is directlg proportional to
r‘GSI_StuthH (p)- length (L) and inversel proportional to
e Itis .enoted bH p (rho). cross-sectional area (A).
e ST unit : ohm metre (Q m). 1
o Resistance of a uniform wire is given by : Rx L and R« A
| i IR p = resistivity (Q m)
| R = pL L = length c-? conductor (m) R« —= = [EKi= PA—L
, A A = cross-sectional area (m?)
1 — R —areiict P ST ST R T s S R
resictatieen(l) |r Unit of resistivity : —:
| 4. Resistivity of Some Materials I =l |
| o — —_— |
{ {  Material Resistivity (Q m) Material Resistivity (Qm) | | 1Qm = resistance of & wige of |
17 16108 || Iron 110 5 O I I SR ety o
Copper 1#F x10°° Nichrome 150 < 1055
Aluminium 2.8 x10°® | Manganin 4.4 x 107
Tungsten 5.6 x 1078 Rubber ~ 1013

| 5. Numerical Examples
| Example 1 : A wire of length 2 m and

cross-sectional area 1 x 10 m? has a
resistivity of 2.5 x 107 O m. Find its resistance.

Given: p=25x10°%Q0m
[& =2
, A= 1= 10 m?
Formula : R = %
| Solution : R = 2.5 x 107% x 2

1 % 1078
5x102 Q = 0.05 Q

Example 2 : The resistance of a wire is 4 Q.

Its length is 1 m and its cross-sectional area is
2 x 10°° m® Find the resistivity.

Given : R=22 a0
ES=R4im
A= 2% 40 ° me
Formula : p:%
-6
Solution : p = 4x2x10
= 8x10°0Qm
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6. Ohm’s Law Applications

1. Ohmic and Non-Ohmic Conductors | V-1 graphs : i
o Conductors which obey Ohm’s law (V e I) at | el o

constant temperature are called ohmic conductors. . (e.g. metal wire) |
o They have a constant resistance and give a

straight line V-I grap ph.

‘ ‘Non-ohmic conductor | ‘

(e.g. filament lamp) |

| |
|

| |
| |
| |
| |
e Examples: metals like copper, aluminium, i (v:;.t) |
nichrome etc. :(""’lt) I
e Conductors which do not obey Ohm’s law are | |
called non-ohmic conductors. 0 T > 0 T ere); |
. Theg do not have a constant resistance and : ampere) | Wik direcf[g I
give a curved V-I glraph | Vol , proportional to T i
o Examples: filament lamp, diode, transistor, | (straight line graph) | (curved graph) |
ectrolgtes etc. | Resistance is constant. ' Resistance is not constant. |
(O O N TR Y LT T L

2. Comparison between Ohmic and Non-Ohmic Conductors
i Property | Ohmic Conductor | Non- -Ohmic Conductor i " V-I characteristic of a filament lam mp : j|
Ohm’s law Obeys Ohm's law Does not obey Ohm's law ‘ : A I
f - ‘ , - | As current |
| V-I graph | Straight line | l Curved line oy increases, the ||
Resistance Constant (at constant ' Not constant ‘ : (volt) filament gets hot :
| temperature) ) [P and its resistance | |
Examples Copper, aluminium, Filament lamp, diode, ! increases, so the |[
nichrome . transistor, electrolyte | | . graph is curved. |
| Behwviour | VI | Vot proportional 0T | R O = e T w N
' 3. Temperature Effect on Resistance  Grophs Sf‘f""'_i"___l elfect of femperature:
e For most metals, resistance increases with rise in | Metal ! |Alloy (Nichrome) |
tempem’cure. | * '
e For alloys like nichrome, the change in resistance R(Q) - R(Q) |
with temperature is very small, so they are used - . > —
in heating devices. e ! o (°C) '
Resistance increases | Resistance almost '

with temperature. constant with temperature.

4. Practical Appllcatwns | N B i il dee . .

e Ohmic conductors are used in circuits where

|
; |
constant resistance is requtred | ; I
o Non-ohmic conductors are used in devices like : _DI_. |
bulbs, diodes and transistors. | % i
o Nichrome is used in heaters because it has high { l
| |

|

|

resistance and can withstand high temperature.
; (resistance mr,reases (conducts current  (non-linear V-1 !

2 Eteflsl:rical. app[iances are deSigr_'ed considering | with tempem’cure) in one direction) characteristic)
their resistance and power mtmg. o e bl b B g e B e T S e R T ol

Filament lamp Diode Tmnastor

5 Mixed Examples

! Exa.mple 1 : A copper wire has a remstancej; rExumple 2 : A current of 2 A
mc 10 . If the potential difference across it | | flows through a resistor of 8 Q.

Example 3 : A wire of resistance

| 4 Q carries a current of 0.5 A.

|
| |
| I

| is 5V, find the current. | | Find the potential difference | | Find the power dissipated. :
| 1 | |
| Given : R=100, V=5V H“‘ms't || Given: R=40, [=05A |
iFormila : :i IIGnﬂ*.n. =i oA R 810 i Formula : P=IZR |
| i { I Formula: V =1R |l Solution : P = (0.5)* x 4 l
| Solution : 1:%:05;\ || Solution : V=2x8=16V | _025)(4 1W |
T EEY

(T BRI 5L LW A b Ay E e e e SR LA Mopd se- TR
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7. Series Combination of Resistors

e e _____ BT 7 T ey
1. Introduction !rSeries circuit diagram : j:
o Resistors are said to be in series when thef[ i Ry Rz R3 I

are connected one after the other in a single ! TN s Wl WIS =
path so that the same current flows through L1 {
each resistor. } I i

o The current remains the same in all the resistors | i I — l
but the potential difference gets distributed | V |
among them. L"F";;._;:::'_“:::::::::'::.':'.f:__:

2 Equivalent Resistance I For two resistors in series : ;
. | |

e If R, R, and R, are connected in series, the equivalent | Ry R, ',
resistance (R.) is the sum of individual resistances. I _ ;

| ( | = it |
| (R = Ry*Ry# Ryt 4Ry | —— Pl Rl —

P e D e okl s s s s |

I | |
o The total potential difference across the series combination | Ry Ry Ry |

is equal to the sum of potential differences across each | e PEPE IRV N

| resistor. | ‘ T Fiae b

Lo Vo= V4V Vgt +V, | e > |

_ e N ENGR M FN T

' 4. Current in Series ' Key Points :

o The current through each resistor is the same. | ® Same current flows through all resistors.
I el sli=Tone =] o Total resistance is the sum of individual resistances.
I ¢ i s - o Potential difference is divided among the resistors.
. o If more resistors are added in series, %he total resistance |
increases and the current decreases for the same voltage. |

_ 5. Derivation of Equivalent Resistance (Two Resistors) :rDerivaﬁon diagram : j,
| o Let two resistors R, “and R, be connected in series ! R, Ry l
:i across a battery of potential difference V. 1| MWW AMWW— |
| e Current through each resistor = L. P ¢ |
e Potential difference across R, : V, = IR, il |
o Potential difference across R, : V, = IR, : +} = l
o Total potential difference : V = V, +V, = IR, +IR, l Vv |
= I(R, +R,) | |
o If Ry is the equivalent resistance, then V = IR | Rs = Ry + R, |
e So, IRg=I(R;+R) = R=R,+R, L & e 22 Padl i
| 6. Numerical Examples -_
................. e Example 2 :

: F:Eiample 1: ' Two resistors of 4 () and 6 ) are connected in

| ! jl];lhr::ﬂ::‘c'i‘c‘;ﬁ:j Eieze%ivig ﬂf nrfiesiignge connected | | (ii) current in the circuit (iii) potential difference

across each resistor.
Given : R1=2.O., R2=3Q, R3:5.O'. | Given : RiI: 4.{1, R2:6Q, V=12
' Solution: (i) Ri=4+6=100

|
: series across a 12 V battery. Find (i) total resistance
| |
| |
| |
| Formula: R, =R, +R,+R, | (el VeSS TS T
i | Re 10
| | (i) V, =IR, =12x4 =48V
| |

V,=IR, =12x6=72V |

Solution: R, =2+3+5=100
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i
1

8. Series Circuit Numericals

1. Example 1 : Find equivalent resistance and total current ' Formula for Series Circuit :
Three resistors of 2 (0, 4 O and 6 Q are connected ' ® Ro=R +R,+R, +---4+ R

| in series with a 12 V battery. Find (1) equivalent o [ = v
resistance (ii) total current. | R,
r Given: R, =20, R,=40Q, R,=60, V=12V | o Voitage drop across each resistor :
| Tofind: )R, (i) I L W=IR, V.= IR, V,=1R,
Solton: Gl S HER A"
| (1) R, R + R, + R, 20 40 60 E_y_Pomts_

Same current flows through all
resistors in series.

V 12
W T - R_s T LA +} [ o Total resistance is the sum of all |
B . | 12V |
L —~ | Voltage divides in proportion to |
resistance. |

2. Example 2 : Find voltage drop across each resistor
Three resistors 3 0, 5 Q and 7 Q are connected in series
with an 18 V batterﬁ, Find the current in the circuit and

the voltage drop across each resistor.

Given : R-3ﬂ R-SH R-?ﬂ V=18V

|

|

|

|

|

|

| .
| resistances.
|

|

|

|

|

|

R Vi=d eV

Solution : | Ry 3%5 47 = 150 [ Circut diagram : || Voltage across resistors : |
| R I I |
| gt T 12 A L 3g o 1o i v, Vv, V, |

L W WW—WW— i oy il
| V= IR, = 12x3 =36V || | W W — MWW |
| V= IR, = 12x5 =60V ! [z I Sl Ee ReE A
|V, =IR, =12x7 =84V || I | wA :
| I 18V i e |
| Gheek: Boce@egs s8NV SE T Ve o 08 13 VO i

P e e J

3. Example 3 : Find unknown resmsttmce

Two resistors of 4 Q and an unknown resistance R are connected in series with a 9 V

battery. If the current in the circuit is 1.5 A, find the value of R. S Ccii didam 2 A o
Given: R, =40, R,=R, V=9V, I=154 Essye e o |
Solution : | ];m_v TN '___h"___“m] WA ———MWA— |

[ NS T : 15 ol I | |
| ' | | +] .- i
| R = Be#R, = 6 =4+Fk | | | ;
| | | 9V |
lL _ SRt =200 Jl L s s e -

4. Example 4 Muitl-step problem

A 24V battery is connected to three resistors in series. R, =20, R, =40 and R, =6 Q. | Common Mistakes :
Find (i) total current (iii) voltage across each resistor (uL) If the 6 ﬂ resistor is replaced 1 Using Pm.auel s ko]

|

|

|

4' bg al0 0 re51stor Fmd the new current. o e Rt | g{ series f;rﬁhau[ . i
[ (l) O_ngw 1| (it) me I mgg 4{1 60 H & i:rg:.t:i? f'ESlStﬂ.ﬂCES!
Ry=2+446= 120 || R=2+4+10=160 1] [TWM—W—WA— |3 g Mate SR

} I=% =2A I I'— 15 A i +=:_ i 4, Notjdrleckingifthesumﬂf i
: 16 ' ! 24V .[ voltage drops equals the supply |

Vio=2x2 =4V : | After replacing 6 Q with 100 : | uoi’mEa. |

! t i1 5. Arithmetic errors in addition |

V,=2x6 =12V | I E 6. Confusing current (I) with |
Check :4+8 +12 = 24V = iF et |
b i . L-____-_--___2_41’;‘__‘_-_,_4_{ L A
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9. Parallel Combination of Resistors

1. Introduction | Porallel circuit diagram: |
o Resistors are said to be in parallel when : I R, :
their two ends are connected across the | M s e ¥ ¥ |
same two Eoin’cs. i 2 R, :
o Each resistor has the same potential t —AWW !
difference (voltage) across it, E E R |
e The current divides into different branches I ITo—b—'W\%h—ﬂ 5
depending on the resistance of each branch. : " |
e Parallel combination is used in household : | | |
wiring so that each appliance gets the | v '
) PP 9

same vol’cage. F_____';':Z:ZZZ:'_"::ZZIIZ:______ Z;
Potential Difference in Parallel | Voltage gcross each Rmsmr": |
o The potential difference across each resistor E = WM 5 I
is the same and is equal to the supply voltage. | - V, > |
i R |
| RSN | Sy S |
——— i Tl :
Current Division in Parallel | y i 3 |
o The total current is equal to the sum of | - Vs > |
currents in the different branches. ¥ G % Sk wwar oy Jl
. i Key Points : |
[_I E i ]_:?'_+_I S_J e Voltage is same across all resistors. |
e The current in each branch is inverselg e Current divides into different branches. |
pmpor’cional. to its resistance. o Branch with smaller resistance carries larger |

current.
‘ A s R Y | e Total current is sum of branch currents. |
| 1+ 42+ 43 T E ! R_2 : R_3 e Equivalent resistance in parallel is always :

smaller than the smallest individual resistance. |

4. Derivation of Equivalent Resistance (Two Resistors) [ pyyllel combination of tuo resistors : |

o let two resistors R, and R, be connected in parallel | |
across a battery of potential difference V. | Ry J
o Current through Ry : I, = V/R, } MWV {
o Current through R, : I, = V/R, | IT R |
o Total current : I =1, +1I, =V/R +V/R, | e A }
¥ If RP is the equimlent resistance, then I = V/ RP I }
A el | ] |
RP R1 Rz L o 0 "_\[“_ i _E
General Formula

F istors i [lel, '

e For n resistors in para EOE W o e O e AT ‘

R, R, B R, Rn |

6. Numerical Example

Exumple : Two resistors of 4 Q and 6 Q are connected | | Another Example : Three resistors of 20, 3Q and
in parallel. Find the equivalent resistance. 6 () are connected in parallel. Find the equivalent

| |

!Given: R=%0, R,=60 ! resistance.

e e et || Given: R =20, R,=30, Ry=60

ormula : — = — + — . |

| ‘ Rp Ri R, | | Formula : L S T |

ISolution: ool e S o R Ry Ry Ry ;

| Be BB IR T Sildtion s ke Ll d o3 206

i oL | Ree 253 6 B 676 .
H_ e | Rp=10 |
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1

' 10. Numerical Examples (Parallel Combination)

f * : YA e — e 9
1. Problem 1 : Equivalent Resistance | Circiit_ diadrdm |
e Find the equivalent resistance of three I S 40 |

resistors 4 O, 6 O and 12 Q connected : AN J|
in parallel. | |I
> E 60 |
Given : R, =40, R,=6Q, R,=120 i — AW ———— '|
| I '
Formula : | W e By I IT_ .\%MQ,\,__ ‘ |
Rp R, R, Ks I i
I + - 1
Solution ¢ b = 1 2 4 : l[= |
Rp L 6 12 I_____________! ________________ _}
S | Cunfentidivision s e R |
TR | . / ol
6 1 | Current in each branch : I, = —, I, = —, I3=k~ I
= E = ? | R‘l RZ 3 |
£ =2 i) l L:1, I3=i:L =2 l
P lL Ry Ry R J
2. Problem 2 : Current in each branch | Check using equivalent resistance : |
e Three resistors 2 Q, 4 Q and 8 Q are : i R :
connected in parallel across a 12 V battery. ! e 7 v 3 |
Find the current throu.gh each resistor and | g i
total current. ]l = % + % + % |
Given: R,=20Q, R,=40, R,=8Q, V=12V | i
e e = i S 8 q |
Solution : 7. N 6 A :I Total current : |: 8 A I
; i: 122 :I I=11+Iz+ISii I=—\-/—=—128=12><1i
B rarn R O Rp 1 Si
1 : || || =
T el i A A
RE & e o SRR T ST S e
S R e 4
3 TProblgTo 3 Un:ril{own Resm:ctjrl Iy Keu. oiftts:"
L] W[? resis rS 3 .{1 an . are connecteda Ln Pﬁ.rﬂ. Y g Equ.w en . Vottﬂge is same across au res.lstors
resistance is 1.5 Q. Find the value of R. in parallel.
Given: R, =30, R,=R, R.=1.50 o Current divides inversely proportional
b to resistance.
Solution : _!_ = _L % *i__ - @ Equivalent resistance in parallel is
Rp R, R, always less than the smallest resistor.
1 1 1 o Total current is the sum of currents
— = e ' in all branches.
L5 3 R . @ Parallel combination is used in household
9 { { 9 { 1 - wiring so that each appliance gets
£l t R = R SN SR the same voltage.

) C.L-‘lln—-

=30
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11. Series vs Parallel Combination of Resistors

V=V + YV, + V) | (V=V,=V,=V)

If one resistor
o | Whol

T |

Same \rol.tu.ge {V)_}
Current divides J' ’

Voltage divides

1. Key Differences 2. Circuit Diagrams
Property | Series Combination Parallel Combination | |  Series Circut | Parallel Circuit
| I
Connection | End to end Across the same two points i 8 . " E A
E u.lvalent - aaa l = A L l - l ""‘t'l' ""‘i" ""‘:" ! R!
r:si.stnnce RS J R' i Rz é Ra i Rp 3 R1 d Rz : Rs i i | AW
i I
Currert Same through all resistors | Divides in different branches | | * = ' .'EE'.'
L=1-=5) I=L+L+1L) i V [ +||u
Voltage Divides among resistors | Same across each branch i [ c-t;rreﬁt”(I)- ] E ____I_V ______
| : I
| [
| .

Baaiang

e circuit breaks Other branches keep working

Equivalerd: Greater than any Smaller than the smallest : :
resistance value | individual resistance individual resistance Se'l';es R o Pu'mluai--'- 1 e
[ ] = + + h G L e S e e
Com Voltage division, appliances | Household wiring, multiple 5 15 - I1 =f =; By R R R
MO USe | i series (rare) app[innces, current division L emc 4 o V& Vo =
o V=V +V,+V, e I=L+1+1,
° Vk =I Kk [ ] Ik = Ri
4. Example 1 : Compare current and voltage distribution S S
® Two resistors 4 () and 6 0 are connected (i) in series (ii) in parallel
to a 12 V battery. Find the current and voltage across each resistor
in both cases.
:r([) Series combination : 40 60 _H_(u) Parallel combination : 0 _1|
| Given: R =40, R, =60, V=12V || Given: R =40, Ry=60, V=12V it |
E Solution : I Solution : .fﬂ !
R, -4+6-100 v d T g 80 iy 0 Ww—
I N e {ov h F46 120 R A
| 1= o =15 =12A i il I |
i A | Pt Sl 12V !
| Voltage across 4 0 : V, = IR, =1.2 x4 = 4.8V | Current from battery : T - RL - _1% =54 |
i Voltage across 6 (0 : V, = IR, =1.2x6=72V H Bk it - 7 i?= 0, I
| Lo . ot ———— Ii ! R, 4 |
|| Check : V,+V, =48+72:12V V| I L=S-2.9, |
|~ LR L s f R N e ;
; ! ['Check & T+, =3+2 =57 | |
| S o S e e e A A e O M e RN R | I__________:::::::::::—_—::::::_—_—::::__:J_ ________ it |
5. Example 2 : Mixed series-parallel circuit
® In the given circuit, a 4 () resistor is in series with a parallel g —p Ty T T T T T T T =
combination of 6 0 and 3 0. A 12 V battery is connected. ﬁ&‘ _Q_tﬂgﬁﬂ =T -2 =
Find (i) total current (i) current through each resistor Vottage - el r’c_ V, =12 584V
(iit) voltage across each resistor. | (SU i GPE'- reldp3u ) 5
Solution : 60 e s 2
Step 1 : Find equivalent uF parallel part (6 0 and 3 Q) HY F i 5‘ Currents in Fﬂ"'ﬂ;l._l brﬂﬂch
WSl L T8 I8 g ‘ e e e
RF_6+3 6 6 6 ;“‘RP—ZQ YYvY ]: 16‘6'6"0-6?#\.
Step 2 : Total resistance - . o
Rmml-4+2 6 () 12V 3 3 3 :

Step 3 : Total current from battery ! IrCheck 067 +133 =2A _1:
! J

I
|
6. Practical Applications i
e Series : Used in decorative lights, old-style appliances, voltage dividers, |
|
i
|

Forgetting to add all resistances in series.

Assuming same current in parallel branches.

Not checking if voltage drops add to the supply voltage.
Arithmetic/units errors (Q, V, A).

fuses and current limlting,

e Parallel : Used in household wiring so all appliances get the same voltage
and work independently.

7
e Using parallel formula for series and vice versa.
[ ]
.
.
[ ]
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12. Applications of Resistor Combinations

1. Circuit Analysis : Steps Example 1 : Series-Parallel Circuit Analysis |
® Identu“g series and parallel combination Find the current through each resistor and volta.ge drop '

|
|
|
in thesareuit ] across each resistor in the given circuit.
|
|
|

r"__'.' B R AR e e = e |

|
e Simplify step by step to find the 40 ¥
equivalent resmgu.nce 20 30 I R 4+2 - 10 =240 H

e Find total current using I = ;. 5 - |R =2+24+3- 7411 Il
R ! 60 I
o Find current and voltage across each | | om prreh ol ﬁ b
4 | | Voltage across 20 -V, = 162x3 324V
resistor. | | Vi I
o Check your answer usmg basic rules | +I = ! V, = 1625 24 - 39V H
(KVL 7 KCL at simple level). i 12V | Voltage across 300 ;= 1623 - - 486 V||
l i Currents in_parallel : !
| I =38 _pg7aA |l
| | ? i
I | I -Qgﬁ 0.65 A I

L

Gnecl: 3.24+389+4.86= 1 9V=12V]|

. Example 2 : Household Circuit Analysis

e Ina horne a 220 V suppl.g is given to a circuit where

a 400 buib is in series with a parallel combination of
two appliances of 60 () and 120 {). Find the total current

)

3, ExumplsB MlxedCombmuim(Chaﬂmqm)i
|¢ Fmdmeequwajmtresm’mnceandfﬂtalmmntmfhsl
| circuit shown. Also find current. through 6 Q resistor.

|
|
| 60 |
and. the current through mhfeah&nﬁe ____________ - 40 —WW— 20 |
600 ' i AMW—
ANAA | & §0x120 7200 N 30 |
qoﬂ Yyyy . E :P = fgi'l?g —Sﬁ = ‘I-Oﬂ Ii n'a'n‘j' I
A ETntuJ.- ;4»1—@—2?5»\!' H 1= :
! SECR = B0 S SN 04V ST |
| Voltage across parallel part : i [ Solution i
2 i | V, = 27540 = 110V I %3 18 .
s | 110 | iP=W’T’2Q i
liCuﬂ'a‘iileUﬂffz=ﬁ=0.92AIi } Tutnlcurr‘ent I-= _S_-BA Ir I
I Chak - 197%0.97 120 5A L | Voltage across parallel part : Vp=3x2=6V ! |
L___'_l'__i_'_:_'_?_____ii | Current through 60: I, = ¢ =1A v | |
4. Household Wiring Principles (Relevant Concepts) Hm_;s_eh_al._d_'.u_ _____ aaram (Pa __” | q
e In household wiring, appliances are connected in pu.rallel | {he v ) |
across the main supply (usually 220 V). | |
Each appliance gets the same voltage. I T @ ﬁ E l
Appliances work Lndepend.enﬂg (swltchj.ng one OFF does l 220V i
not affect others). i l Rangmtor |
e Series connection is rarely used in home circuits because | . L I
voltage divides and appliances will not get full supply. Il_ Neutral wire (N) _J|
5. Conceptual Questions 6. Multiple Choice Questions (MCQs)
Q1. Whg are household appha.nces connected in pamllel | Q1. Three resistors 2 0, 4 Q and 6 Q are connected in parallel.
and not in series? ha equivalent resistance is :
Ans : In po.mllel each a nc[i iance gets the full su pl.g A ) 120 (B) 6 0 ©10 (D) 2.0
ns : C} 1 Il
ucltage (220 V) they work Lndependent[; Explangtion - Tt L oF LIS S _1_2_ <10
In series, voltage divides and if one appliance R 2% & 12
fails, all stop workmg | Q2 In a series circuit, which of the Fol.lowmg is same For
Q2. If two identical resistors are connected (i) in series | ((%)) ‘uécltag:t (B) Current  (C) Resistance (D) Power
urre

|
|
(it) in parallzl which combination has gr‘ea.te'r‘ i Expla.m.’cm : Same current flows i:hmugh all resistors in series.
|
|
|

?
A Eguwalentn:f;ﬂstfnce h i mlonk Q3. A 610 resistor is connected in parallel with a 3 0 resistor.
e - BT:LES OIS0y 108 Sma ¥ eguan | The current through 6 () resistor is 1 A. The current h
resistance (R; = 2R) while porallel has smaller | 30 resistor il be : (A) 054 (B)1A (©2A ()
equivalent resistance (R, = f)' | Ans: (C) 2 A

| Explanation : In parallel, voltage is same so current « i

1
l
|
|
|
|
|
|
all resistors? I
|
|
|
|
|
|
|
|
|
|
|
R |
|
J

i! Ia=%:)xI5=(%)x1=2A
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13. Electric Power

1. Introduction Examples of electrical appliances and their power ratings

e Electric power is the rate at which electrical
energy is converted into other forms of energy
(heat, light, sound, etc.).

e It tells us how qutcklg electrical energy is used 3"“"*‘*
in a circuit. LED Bulb Television Room Heater
Sk ' 9w (?0 W) (100 W) (1000 W)
S Defuiioncang. o} Uit (T R e e |
e FElectric power (P) is the work done per unit time | energy faster. |
by the electric current. B e e
e ST unit of power is watt (W). = T o A W AR BT P

e 1 watt is the power when 1 joule of work is

|
|
done in 1 second. i 7 8 I
N ) l given by : W = Vx I

LE y _-_1__‘]._/5___ | where V= potential difference (volts) I

e Other units : kilowatt (kW), 1 kW = 1000 W i Q = charge (coulombs) E
| |

I i

I |

I I

|

|

3. Relationship between Power, Voltage and Cumnt |
e The electrical energy (W) supplied to a device is

Power is the rate of doing work :
LW VA Qe
B s s Y ( : ) = VI
Hence, P = VI
e aa- dv ke B i e B
I PSR = e T %eey T EIE = W TR G s A e Tl

4, QOther Useful Forms of Power
e Using Ohms law (V=1R), Work done in moving a charge Q through

a potential difference V is W = VQ. i

| il
| |
| I
| = = = 2 [ |
| R I{IR)VZ L '! I o Power is work done per unit time :
i P=VIs= F E l P - E < m
I o So, power can be calculated using any of the [ I t t
i following formulas : E I But, % =1 (current)
2 ol
| BRI e P ER % || Therefore, P = VI |
| S— - e T J
16, Namerical Examples APPSR e
Example 1 : Calculate power || Example 2 : Using P - I'R | Example 3 : Using P = I*R

A device draws a current of 2 A |
and has a resistance of 10 . |
Find the power.

Given : I=2A, R=100

Sllition - P -TR AR 10 |

| |
| A bulb is connected to a 12 V supply and i A heater of resistance 20 Q is i
| it draws a current of 0.5 A. Find the power | | connected to a 230 V supply. Find |
| consumed by the bulb. || the power consumed. !
| Given: V=12V, T=05A | Given : V= 230V, R=200 |
| Solution : P=VI-12x05-6W || Solution: P%%igl |
i |
| I
| I
| I
| |

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

| i
. | |
B e I = o —=J

7

L]

I
|
| Power =6W | | S2I000 e dal W

i BT | Power = 40W |

| [ Power - 2645 W (= 2.65kW) | | -
i U = BN | o o it s 17 Sy P
| A lamp of 100 Q) resistance is connected || A device is rated 60 W when connected | Electric power is the rate of |
| to a 220 V supply. Find the power consumed. i to a 12V supply. Find the current drawn. : conversion of electrical energy.
| Given: V-220V, R-1000 | Given : P=6OW, V=12V  1® 21 uf\}i"its;attlz(glp ar
ISolu.ti.on: p=lz= 220)* Salitlons Patvi = T | ° i g el P e
! R 100 ! V| e Higher power means more energy
| 48400 | 1~ 89 _mia I' is consumed per second.
| = —0 - 84w l 12 i@ Used to compare the energy
| ' consumption of electrical appliances.
| Power = 484 W ] Ii Current = 5 A ! o 1 kW =1000W. g
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14. Relations Between P, V, I and R

1. Basic Relations " 2. Derivation of Formulas |
® Electric power (P) is the rate of doing We know, P = VI (1) :
work in an electric circuit. | Using Ohm's law, V = IR i
o Potentiol difference (V) provides the energy Put V=1IR in (1) : :
to move charges. | o 7 ;
Current (I) is the rate of flow of charge. | [ P=I(R)=TR ..(2) ‘ '
Resistance (R) opposes the flow of current. From Ohm's law, I = V- ’
These four quantities are related through ! W : i
Ohm's law and the definition of power. Put T= §lh (1) :
: | oy e
Ohm's law : V= IR Pedlifeelin A b i(B)
: b | ——
Electric power : P = VI | Honce WG \{T
______________________________ e e e

. Unit of Power

| 3. When to Use Each Formula ? 4
e SI unit of power is watt (W).
°
®

e Use P = VI when voltage (V) and current
(I) are given.
o Use P=TI%R when current (I) and

=
|
|
|
I
|
I resistance (R) are given.
|
|
|
|
|
|
is

IW = 1Jk =1Vx1A
Common larger unit : kilowatt (kW)

LKW = 1000W

o Use P-= V— when vnltﬂ,ge (V) and

resistance (R) are g'wen.

e All three formulas are equivalent and give
the same power.

|
i
|
|
!
i
1
|
|
|
i
:
|

|54 Nimsrical Fomples 087 S0 (F0 S0l S RRIEE N S eSSyt |
' (a) Using P = VI i 11 (c) Using P = V¥R |
Example 3 : A device of resistance

|
|

| Example 1 : A bulb is connected i |

| to a 12 V supply and draws a current | 50 ) is connected to a 100 V supply. |

mrf% | Find the power consumed.

|

|

|
|
|
of 0.5 A. Find the power consumed. | _
iven: I=3A, R=20Q || Given: V=100V, R=500Q |
|
|
I
|
|

—
o
—
=
m'
5
i
"
[—)
<)
=~

Example 2 : A heater of resistance
0 Q draws a current of 3 A.

T b

ind the power consumed.
| Given: V=12V, I-05A |

|

|

|
| Solution : P = VI | Solution : P - IR Solution : P = ¥
| - 12%05 ! - (3 20 oo
| =6W | =9 x90 s
- | - 180W _ 10000
g Power = 6 W J !I : = Pw
| © | Power = 180W | = 20

1 | Power = 200W |

6. More Examples (Different situations) |

(a) Finding current when power and || (b) Finding resistance when power

r (e Finding voltage when power
and resistance are given

| Example 6 : A resistor of 10 0
. dissipates 40 W of power. Find the

voltage are given .[i and current are given
Example & : A device is rated || 5 : A motor takes a current
6_0 W and connected toa 12 V supply. || of 4 A and consumes 256 W of power.
Find the current drawn. || Find its resistance. voitage across it.

|
|
|
|
|
|
Given: P=60W, V=12V 1;Given: P=256W, I=4A I Given : P=40W, R=100
V| Soutions P-IR = R-F | Soton: P2 ¥ 5 Ve PR
|
|
|
|
|

Soaton: P=VI = Tay |
60 I 256 _ 256 | - JH0x 10
E m— = SA i = = e 160 .
12 : [T = JH00 = 20V
Current = 5 A | Resitance = 160 | | Voltage = 20V |

R R T e e e
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15. Power Dissigation Due to Current

1. Joule’s Law of Heating
® When an electric current flows thmugh a

Fa =1
9. Derivation of Joule's Law
Electrical energy sapphed in time t :

3. Relation with Power
Power is the rate of heat

resistance, electrical energy is converted production :

into heat energy due to collisions of electrons W = VIt (1) P - H

with atoms of the conductor. Using Ohm's law, V = IR f t
e This heatmg effect is known as Joule heu.hng o WE (IR ¢ Using H = I°R t,

| !
| |
' |
| |
| |
| |
| |
L g
o The amount of heat produced is given by : i S TRE () I
| |
| |
| |
| |
| |
| |
| |

‘ H=IRt Since this electrical energy is Also, using Vi = IR,
where, H = heat produced (joule) converted into heat energy, PV - V_R2
I = current (ampere) T
R = resistance (ohm) { H=-TRt l Hence,
b time (second) CH-Pt- IZRt |
e o=
4. Conversion of Electrical Energy to Heat s, Heating Appliances 1

e Ihe electric ener y supplied to a circuit
is converted into i.ea’t energy in a resistor.

e Electrical energy (in joule) : E = VIt

e Since heat pro ed is eq_uu.l. to electrical
energy supplied,

50/

Electric Iron Electric Kettle Immersion Rod
(High PWE{V) (750-1500 W)  (1000-2000W)  (1000-1500 W)

2
H=E=v1t-I2Rt=‘%t ‘

1_'ﬂwse ap liances have hlgh resistance and draw mgmﬁcant
i current. Electrical energy is muu'd{.j converted into heat energy

| which is used for heating purposes. ]

e In practical appliances, this heat is used
for useful hea.ﬁng (e.g. kettle, heater, iron).

6. Numercial Examples
r(o.) Heat produced in a resistor Y (b) Electrical energy consumed 5r(c) Find current from power mhnq

|
|
A LB ANE S e R I An electric iron of 1000 W is A 0000 Vilboos rter id conmiclél
res[csi.:':ra::e ::F 50 Fo:‘lslo :E:ﬂte: i used for 30 minutes. Find the to a 220 V supply. Find the current |
|
|
|

Eindthe hedh p electrical energy consumed (in joule

drawn and the heat produced in

| |

| |

| |

| and kilowatt-hour). B min i

iven : = " = iven : = , t =30 min Given : P =2000W, V=220V

| Gi I-2A, R=50 Gi P=1000W, t=30 | ; |

| t =10 min = 600 s = 1800 s I t =5mn =300s I

| Solution: H = IRt Solution: E = Pt - 1000x1800 | Solution: p .yl = [.-L |

| 3 = 1,800,000 J | Vv

| = (2) X 5 x 600 - 18 - 105 J | 2000

! = 4 x5 x 600 i . I =W=9'09A

| 190001 InkWh: 1kWh =36x10°7 ||

I a 18 x 10° | Heat produced : H = Pt |
= - | = l

| E = ——p | = 2000 x 300

| | 36x10 | = 600000 J

| | Heat produced = 12000 J | | o5 - 6x10°] !

i Energgconsumed.-iaxiOsJ i Current = 9.09 A ,

| | - 05 kWh | | Heat produced = 6x10°J | |

a2 W & - i i .| LA e A1l

| N g T T T T e e Wl l"'"""""""'__""_'"'_"_"___"__"_'"""_—I

| 8. Imporf.ant Applications |

|
° Ruom heaters, ekectru: irons, electric kettles, immersion rods,
toasters and geysers.

e Fuses work on hmting effect (mzlting due to high current).
Electrical heoi'm.g is used in industrial furnaces and ovens.
Used in devices where heat energy is the desired output. l

7

o Joule's law of heating : H = I'R t.

®  Electrical energy is converted into heat energy in a resistor.
®

°

L ]

®

i
|
|
|

Rover i the rate of heat production = P = 'R = VI = . i

Heating appliances have h.igh power ratings. i

Unit of energy : joule (J) or kilowatt-hour (KWh). i

|

1 kWh = 36 x 10° J.

r_.____________
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16. Magnetic Field

1. Meaning of Magnetic Field 2. Magnetic Field Lines
o The region around o magnet or a current o Magnetic field lines are imaginary lines used
carrying conductor where a magnetic force is to represent o magnetic field |

?EE;?“:;C;“:EE ammgleéwcﬁe?lﬁéguﬁgﬁiu They show the direction and relative strength
o ity vector field, represented by magnetic ) of the magnetic field. . :
Al e o They do not actually exist, but help us to

It is a region in which a north pogﬂ_t;sz §| = e e 212 s field.

magnet experiences a. force. J - | ._ - .
3. Diagram: Bar Magnet || 4. Diagram: Field Lines Around Poles
| Field lines Field, lines Like Poles (N-N) Unlike Poles (N-S)
enter at

- emerge from
5 Nortﬁ\pole South pole

Bl doeot

i
|
|
|
|
i
|
[
|
i
I
i
|
|
I
i
|
I
|

e T

| Magnetic field lin [ed Guees) Ouabde the maeb, | I'| 1 ; | 1| from North to South. |
agnetic Tie es are closed curves. UL : et Like pol I i i
i they go from North pole to South pole and mdemat?m ! I connle h thiﬂ 7 |45 Unlike: poles attract |
! SR PICNRRER 0 1 | eacht oflier,
Lmugnet. they go from South pole to North pole. | e ‘ ;
= e e e e R e e e | R e e e e = e ]
5. Direction of Magnetic Field | 6. Strength of Magnetic Field 1
e The direction of magnetic field at a point is the | o The strength of a magnetic field is indicated E
direction of force experienced by a north pole | by the closeness (density) of field lines. |
pl,qged at that point. | o Where field lines are closer, the field is stronger. E
e Qutside the magnet : from North to South. | ® Where field lines are farther apart, the field is weaker. |
o Inside the magnet : from South to North. | ‘ Stronger field ‘ { Weaker field |
! (lines closer) (lines farther) |
S = At e L e e e 2i = | > > |
T e A S e e 1] |
| |
|

Liddd
Y ¥ 9

| 7. Properties of Magnetic Field Lines
II @ Magretic field lines are closed continuous curves.
! @ Outside the magnet, they go from North pole to South pole

=

8. Magnetic Field Patterns
Two bar magnets (Like poles)

@ The tangent to a field line at any point gives the direction

|

|

|
' i
E and inside the magnet, from South pole to North pole. i ik (Unlike poles)
| of the magnetic field at that point. I
|! @ Field lines never intersect each other. I
|
|
|
|

| ® The closeness (density) of field lines represents the strength |
of the magnetic field. |

| ® Notm@gneﬂcf‘teldb}wscunbepamﬂdaitlwmpoh’cj'
L 2 e

"9, Diagram Based Questions SO T
(@) dentify the poles 1 (b Dircion of i e T() Strength of magnetic field |

Ans: Region A is stronger because

tangent to the field line ot P the field lines are closer.

Ans: A - North pole, B - South pole. _(in. the direchion ok arrow).

| 1 |
f e S p | |
| (e W |
| S a4 | Q. What is the direction of magnetic | ———> !
| Q. A bar magnet is placed with its | field of point P shown inthe | Q. In which region (A or B) is the |
i magnetic field lines as shown. Identify | figure? } magnetic field stronger? :
! the poles A and B. | Ans: The direction is along the | i
| | | |
I | I |
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17. Magnetic Field Due to Current-Carrying Conductors
1. Straight Current-Carrying Conductor | Diagram : Straight Conductor || Right-Hand Thumb Rule
e A straight conductor carrying current 5 ¢
roduces concentric circular mﬂ.gﬂeﬁc field I | TI
ines around it. Magnetic field lines ' |
o The direction of field lines is given by (concentric circles)
Right-Hand Thumb Rule. § oo s o '
o The strength of magnetic field at a distance | (’ (EE:' : ::Dv \}
r from the conductor is : e =L
E = Mol ; =g B Hold the conductor in your |
27r ; N Eight hand{with thumb in the |
where, o = 4 x 107 TrmA™ Cirrent ing || direction of current.
I = current (A) ' str;;;;t zmr The curled fingers give the
r = distance from the conductor (m) | ! direction of magnetic field
B = magnetic field (tesla, T) | lines.

[ 2. Circular Current-Carrying Loop rDﬂgmm : Circular Loop
e A circular loop carrying current produces a Magnetic field
magnetic field along its axis. I lines
o The field is maximum at the centre of the loop. |
e Magnitude of magnetic field at the centre of a |
circular loop of radius R is :

|
|
Bi= Kol ‘ |1 Curl the fingers of your
2R | || right hand in the direction
where, o = &4mx 107 TrmA™ || of current. Your thumb
I = cu_rren‘t (A) I ives H"IE {_“:ILIzCth (}F he
‘ : ! ' netic field along t
R = radius of the loop (m) I__________________j____J g{g o the Ligs J |
Current—Caggan Solenoid | Diogram : Solenid == 1 Field Pattern (Solengid) |

e A solenoid is a long cylindrical coil with many closely |

spaced turns of wire. |

e It produces a strong and nearly uniform magnetic field |
inside, similar to a bar magnet.

| o Magnetic field inside a long solenoid is :

‘ B = ponl ‘ o Inside : field is strong and
where, Mo = 41 x 107 TrmA™ I Uniform magnetic field I nearly uniform (parallel [ines).
n = number of turns per unit length ( turns/m) inside the solenoid o Outside : field is weak and
1 = current (A) b L spreads out (like a bar mngnet)J.
[ S, e S e T o S ———|] ¥ z ==
4. Factors Affecting Magnetic Field Strength || 5. Applications
@ Magnitude of current (I) : Higher current — stronger field. I o Electromagrets : Used in electric bells, cranes, relays and
- magnetic locks.

|
@ (DBLSW‘%Q) from conductor (r) : Field decreases with distance 1| o  Electric motors : Current-carrying coils produce magnetic field |

|

|

i

I

|

i 1 and experience force.

| @ Number of tums (n) in a solencid : More turns — stronger field || @ Generators : Rotating coils in o magnetic field produce current. |
| .
|

|

I

!

and size of conductor © e.q. loop radius, solencid length. ]! e Solenoids : Used in automated doors, valves and switches.
@ Shupe % Rl ! o  Loudspeakers : Current in a coil produces magnetic field and
moves the cone.

. Mugnei:ic field sensors : Used in measuring devices.

8. Nunerical Example (Soenaid)

A solenoid has 800 tumns in 0.4 m length
and carries a current of 2 A. Find the

@ Medium around the conductor : Field is stronger in materials |

with higher magnetic permeability. ;
' 6. Numerical Example (Straight Conductor) || 7. Nunerical Example (Circular Loop) |
]- bl i g o0 Fid the magnetc | | A circular loop of radius 0.2 m carries a
fied of o paint 0.1 m from the conductor: || current of 3 A. Find the magnetic field

i |

i I !
| || at s centr || magnetic fied inside the solenoid "
Gl Bl A || at its centre. || magnetic field inside the solenoid |
I o S {| Given: I=3A R=02m 1. Gy Sam g e o g o |
| Solution : B Pol Amx 1.0 x 3 |1 o 107 = 3 I YL 0.4 : |
| P onr T T Inx01 I | Selibion 2 B = o _aandl x3 - |
] s 1|5 : IR T % 0.2 EI Solution : B = ponI = 4mx10" « 2000 = 2 |
| =10x107T | =942 x 10T i - 503 x10°T |
j B-10x10°T H | B-942x10°T I PE-sk- 0t |
| S —— I | - e B [V W ——
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18 Magnetic Field Appltcattons

' 1. Field-Pattern Compansons
(a) Straight Ol

1 |]

G2

(b) Ciresdar Loop

|| Field lines resemble those

Inside a lcng solenoid,
field lines are straight,

—

18
| R R R T R R
i 2. Dtrecb.on-Fmqu Examples |
(a.) ht Conductor (Right-Hand Thumb Rule
* Thumb — du-ectmn
?I " of current (I

Curled fingers —
direction of magnetic

5
B field (circular)

—

(ﬂe[d du-ect ion)

i
| . |
Field lines are concentric | of a bar ’“ﬂﬁimt Inside parallel and closely sp u.ced Curl fingers in direction |
certtes on the conductor. | the loop, fie e strong {neur i I’uzid} I of current. Thumb gives |
nearly uniform. Qutside, pattern is like a N \ direction of mﬂgﬂet'«c i
bar mgnet ) field along the axis |
| == (North pole). |
_______________________________________________ =
3 Solznmd. as an El.ecl:romuqnet Applwatmns of Magnetic Fields
e —— E : Used in electric bells, cranes,

!Whgisasolawldagmd ela:’trmrm.gnzt?

relags magnetnc locks and scrap ards

J'
|
i
i
E @ Produces a strong and nearly uniform || @  Elestric motors : Cm‘enf-currgmg colls in a magnetic
| magnetic field inside. I field experience @ torque and rotate.
E Field o be | = i: ® Generators : Rotating colls in o magnetic field induce
! b Irength c:tn nznim:? ﬁ;i I an emf (basis of electricity generation).
|8 he U , o1l @ Solenoids : Used in automated doors, valves and
E using a soft iron care. 1 SWitChES.
\ H
'Y Strong and wniform | L | @ Polarity can be changed by reversing || @ Magnetic sensors : Used in position and speed
gne’cir, field | the current. Il measurement (e.q. in vehicles).
Eide g ! ! @ Loudspeakers : A current-carrying coil in a magnetic
L e --—-j field moves the cone o produ,ce sound
FE | Dicon Tiaradtatin (hochin:. RN R PTREET AL B e 7
s Diagram Interpretation Questions 6. Conceptual MCQs

() Identify the magnetic field pattern ‘{(b) Determine the poles and direction
of field lines.

and. find the directon f

m

Q1. Find the direction of magnetic |

field at point P due to each wire. i
Ans ; .
o A : Anticlockwise (out of page) i

I acts like o bar magnet.
o Increasing current or number of turns increases the field strength.
| Magnetic fields have many practical applications in everyday devices.

. I_eFt end — North pole.
o B : Clockwise (into the page) || o Right end — South pole
o C : Anticlockwise (out of page) || ® Field lines inside are from left to
i right.

L'__________:___________:_3____::;_________________:J
|— ————————————————————————————————————————— —l |
' 7. Important Points i
| o Field patterns help us visualise the magnetic field and its strength. i
®  Direction of the field is determined by the Right-Hand Thumb Rule. I
® A solenoid produces a strong and uniform magretic field and {
|
|
|
J

Q1.

The magnetic field lines around a straight current- |
carrying conductor are :

(a) straight lines (b) concentric circles

(c) parallel lines (d) radial lines

Ans : (b) concentric circles

. The inside of a long solenoid behaves like :

(@) a bar magnet (b) a straight conductor
(c) a uniform magnetic field (d) a circular loop

Ans : (¢) o uniform magnetic field

. By reversing the direction of current in a solenoid,

what happens ?
() Field strength increases (b) No change
(c) Polarity is reversed (d) Field becomes zero

Ans : (c) Polarity is reversed

. Which device uses a strong magnetic field produced

by a current-carrying coil to move a cone ?
(a) Generator (b) Loudspenker
(c) Eler:l:mmugnet (d) Transformer

Ans : (b) Loudspeaker
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19. Force on a Current-Carrying Conductor

Fa™ &5 . s G oy 7 = e e e . o
1. Meaning | 2. Formula for Forc ' 3. Direction of Force |
A L e e { @ The direction of force is given b '
* o gt b seermtete | EEEREERE R e 0 3 el ML
9 p
Mmachortical Tans: vk, o Stretch the thumb, forefinger and
_ : _ : F = force on conductor (N) middle finger of your left hand
e This force is due to the interaction B - magnetic field (tesla, T) mutually perpendicular to each other.
between the magnetic field and the T = current in conductor (A) o Forefinger — direction of magnetic field
moving charges (current) in the | L = length of conductor in (B)
conductor. I magnetic field (m) o Middle finger — direction of current (I)
o The dection of force, its magnitude 6 - angle between direction | @ Thumb ~ direction of force (F) or |
and the motion of the conductor ?F [quTent w;d magpetic Fwn‘:;bm G gl |
depend on the direction of current, [_______Le__ o 1 (motion)
magnetic field and length of the : , . | F ‘
con%.uctor S ﬁ%ﬂ. | Maximum force : Fpq = BIL R Magnetic field
(when 8 = 90°) ‘ l B
|
| Minimum force : F = 0 ‘ i Curvink |
i (when 8 = 0°) | E I !
| | | Fleming’s Let-Hond Rile | |
g W e, N D e e e T T A Bl 3
1’4 Special Cases J|5 Factors Affecting Force
| (a) Conductor perpendicular to |[ (b) Conductor parallel to |/(c) Conductor ot an angle © || @) Mogretic fild strength (B) -
I netic field (B = 90°) || netic field (6 = 0°) lf ! Greater B — greater force
E SF :! X i ] @ Current (I) : Higher current —
E -: ;i T _;B ! | greater force. !
! »B | ¢ )- ;I || @ Length of conductor (L) : Longrer :
i <) o i [ | length inside the field — greater force.|
E ; I ii g ! . X !; @ Angle () : Force depends on sin 6. '
[ F- BIL (mosimum) | IL[ F=0 (ninmum) | | (F-BlLsng | ||  Moimum ot 30, zer ot 0"
B e o e sl — o8
TR S R TP oy —— |

6. Interaction Between Two Parallel Current-Carrying Conductors 1 7. Applications |

e Two parallel curr'ent-currgi.na conductors | M 0 'I— | 'lT -7 || ® Electric motors : A current-carrying

: coll in a magnetic field experiences a

|
experience o. force due to the magnetic | (gitraction) | (repulsion) ! Bt toallcl il
¢ . , pro rotation.
field produced by each other ! ! e Moving col galvanometer : Deflection
o I7 Ot e ih e e divechon — | Yl Lt I Lt Ly due to force on a current-carrying coil
attractive force. FF |I F Fille Loudspeakers : A current-carrying coil
o If currents are in opposite directions — _ 2 | | in o magnetic field moves the cone to

repulsive force. |

1 produce sound

} e (enerators : Mechanical motion in a
| mair;etic field induces current (reverse
N o

ication of the same principle).
8. Numerical Examples
[ (o) Calcute the force ' (b) Find the current 1(6) Conduckor ot an_angle |
| A straight conductor of length 0.2 m A conductor of length 0.5 m is placed || A conductor of length 0.4 m carries
| carries a current of 5 A. It is placed || at right angles to o magnetic field of || a curent of 2 A. It is placed in a
| perpendicular to o magnetic field of || 0.4 T. IFf i experiences a force of || magnetic field of 0.5 T at an angle
'| 0.3 T. Find the force on the conductor. || 0.6 N, find the current in it. II' of 30° with the field. Find the force.
| Given : B=03T, I-=5A | Given: F=06N, B=04T . Given: B=05T TI=2A
| L-02m 6=90 | | %055 G=5 | Le0&m 6 =20
Solution : F = BIL sin 6 . Solution : F = BIL | Solution : F = BIL sin®
=03 x5%02=1 |l I-d | = 0.5 %2 x 0.4 x sin30°
| = 03N ! 06 | =05x2x04x05
| i " 04 <05 | = 02N |
I - i | |
| F-03N I AT F-02N
== 1 e == ]
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20. Fleming's Left-Hand Rule
P L ——— T e R e s =
1. Statement 2. Finger Positions :
Lent - Important Points
e Fleming's Left-Hand Rule is used to _ & Thumb i
Fmﬁﬂe direction of force (motion) I (Motion/Force) @ Use left hand (nok right hand).
on a current-carrying conductor placed F o Thumb gives the direction

of force or motion

|

|

i

|

i

in a magnetic field. i
e Forefinger gives the direction i
i

|

|

|

|

[

i

|

[

|

|

|

e If we stretch the thumb, forefinger
and middle finger of the left hand
mutualhj perpendicular to each other,
hen:

Forefinger | of magnetic field (from
(Mu.gneUL Field) North to South).

B - & Middle finger gives the
#ﬁtwn current )
Middle finger rom pasitL\.ra to nega’cive e}

un:i‘ﬂt) .

Forefinger —> direction of Magnetic Field (B) l

' A current-carrying conductor is | A current-carrying conductor is |

experignces a Torce.

WM B diecie R DIPT) || “ bl o
Tl’l.LI.ITIb =2 d.U'BCtLOTl GF FDFCE (F) or Motion j’l [ Flemin.g's Leff-Hund Rul.e 1 to e other.
i ;
| e T e e S = L 4]
| 3. Relationship between . B and || 4 Direction-Finding Examples |
® A current-carrying conductor placed in a magnetic field i ' (a) Conductor moving upwards i (b) Conductor maving into the page |
|

Direction of force is given by Fleming's Left-Hand Rule. || ploced in o magretic field as | ploced in a magnetic field as

! shown. Find the direction of shown. Find the direction of

Magnj.tude of force is :

| | |

!: force (moti.on)_. i force (motion). i

| F=BILsn® | i = |

== e, B |

where, F = force on conductor (N) Py . P ! I

B = magnetc R (teks, T) i B = @1 |

- femﬁtafmcﬁmfrm%gm fod (m) || (g Flemings lfihand rl - | Usg lring’s lftchard e :

B il Dbkttt b ol 0l (o) || [OTEOE CoRHE(D) | Tige gl

ikt e I . Middle finger — up (I | Middle finger — into page (1) |

Dot w b i s Wi - St | —*wiafpage(F)! Thumb = = left (F) |
SIS ) e 2t L |
' | | Force is out of the page | | : l
r_5. More Exgr_tp__ les . 1'1: (ol i) ) | ‘ Force is towards left. ‘ |

|
| e o S I S e
[ o) il iitan i e (bl P i et i, | s | SRS |
A conductor experiences a force | A conductor carries current | =R |
| fowards right when laced tn | bovards lft and exerinces o || 6- Applications
a mu.gnatl'.c field directed into I force upwurds Find the direction I @ Electric Motors : A wmnt—cmmg coil P]_acgd in a
' the page. Find the direction | of magnetic field | magnetic field experiences a force, producing
of current 5 AF | rotational motion.
®OX X X i
|

| . e Moving Coil Galvanometer : A current-carrying coil
B ol b

moves in a magnetic field, used for detecting small

 ——F | &= 7 > St

PEORY W | | o Loudspeakers : A current-carrying coll moves in a
. Using left-hand rule : ' Using left-hand rule : ! magnetic field, causing the cone to move and produce
\ Thumb - right (F) - Thumb — up (F) | sound.

\ Forefinger - into page (B) | Midde finger — left (1) o  Electric Generators : Based on the reverse principle

. Middle finger — down (I) Forefinger — out of page (B) li (motion induces current), but the force concept helps

AT O A T 1 in u.nderstmdlng torque.

. l Corol el ‘ ‘ ﬂmagpn;ge (Le = a‘;ﬂ:’) i; o Magnetic Levitation and Modern Devices : Used in
i
|

various devices where force is produced on current-

| S S| e e P | o ot ors W |
e
i 7. K—H’M o  The three are mutually perpendicular.

| o Fleming's Left-Hand Rule gives the direction of force on o  Used mainly in motors and devices where a current-

i a cumnt-canymg conductor. carrying conductor experiences a force in a mngnetic field.

| o Left hand is used (unlike Fleming's Right-Hand Rule) o  Direction of force reverses if current or magnetic field

| o Thumb — force (F), Forefinger — magnetic field (B), di”"f_h”“ is reversed : :

| Middle Flnger e L) e Maximum force occurs when conductor is perpendicular

|

LB, SNE e e e i e A


www.toppersguru.com

3 e Effect of Cu,rr'ent R | 21

21. Electromagnetic Induction

B o e g e © e e e i s e e e
1. Me ':2 Cause of Induction e netic Flax () |
° Elec’ﬁmmﬂgnatm induction is the \ ® An induced current is produced when | M mé W AT
phenorrwnon of pmd.unmg an induced H there is a change in magnetic flux 9
I

magnetic field passing

ﬂu‘ough a given area..

linked with a conductor.

electric current in a conductor when

the m_cu!rn_eﬁ_c. flux linked with it ® The magnetic flux can change due to :

i
|
i
|
I
|
and cail. :
|
|
|
i
|

changes. @ Relative motion between magnet ‘ ® = BA cos 9
e The current pr‘cduced is called | e B ke field
induced current and the emf produced ” @ Change in strength of magnetic field. i A ﬂmﬁf coli'
is called induced emf. : ©) Change in area of the coll B = angle between
I ® Change in orientation of the col B and normal. to
Ji in a magnetw ﬁeld P ol i e ol J]
3. Experimental Denonsirations _______:__ ______ SR A R T 0o |
(@ M towards the coil | (b) Magnet from the ol | (0 menjw
l Magnet j t e
i moving tnwardsagm coil i moving Taw;?fm ol VAV ! ' “ "
| -. | ' i " |
| | |
| — | _ § Magnet
| i et
l I | (no relative motion) ‘
| i i
i Obsewnhon : -i Observation | Observation :
| A momentary current is induced | ® A momentary current is induced i e No induced current is produced
E Ln the coil. ! in the coll. J| in_the coll
e alvanometer shows a | @ The galvanometer shows | ® The galvanometer shows no
! deﬂ.ec ion in one direction. deflection in the "’PFS&G ! deflection.
i d.u"ectmn cnmpo.red |
e e e e e =
&, Reversmg the Poles i 2 I;us?:er or Sh;::r Motum 1} 6 Clumgmg Mngr_mttc CFiel:l&MLh:
v I (@ I urre |
— | o (1) I |
I | Elctronagel
1 |
il | '
Observation : ii i il !
o [If the south poleFLs moved towards H | | Obse.\;“h:ﬁﬁ : o i
the coil instead of the north pole, ! g 1' I @ n the current in
the direction of induced currer[:’(t) ii ® Deflection is larger, | Deflecion s S”muer il electromagret is changed, the ;
is reversed. 1 induced current is | M“ﬂierwm”i il magnetm%wld around it changes. |
e The galvanometer shows a deflection | | stronger. Wit | ® A momentary induced current is |
in the opposite direction. ii i I produced in the nearby coil |
B e o s ot ) | J
| 8. Important Points

ed current (s produced only when the
Induced t duced hen th
magnet‘u: flux linked with the conductor cl'w.nges i

@ The direction of induced current depends on whether
the flux is increasing or decreasing.

@ Faster changa in magnetic flux produces a larger

G
Observation \'/
e When the coll is rotated in a

netic field, the angle B
mges so the ma:ic

chcmges o.nd, an ed cun‘ent
s = — = iR e |

Observation :

| ® When the area of the col is
| increased or decreased, the

| magnetic flu clmnges and an
' induced current is pmdumd

@ If there is no changa in magnetic flux, no induced
current is produced.

@ The induced current exists only as long as the
magnetic flux is changing (it is momen )

e e e e e
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22. Induced Potential Difference (Induced EMF)

22

1. Meanmg
® When the magnetic flux linked with
a coil es, an emf (potential

difference) is mdux:e.d in the coil.
This emf is called induced emf.

e If the circuit is closed, an induced
current also flows, which is called

induced current.

e

‘| 2. Causes of Induced EMF

e Induced emf is produced when there is a dmnge
magnehc fluwx linked with a coil.
e The magnetic flux can change due to :

1

|

|

l

i @ Change in strength of magnetic field (B).
I @ Change in area (A) of the coil

i @ Change in crtentatwn (8) of the coil.

' @ Relative motion between the magnet and the coil
|

Symbol = E or € (e.g. moving magnet or moving coil).
ST unit : wolt (V) 1
e = i i = el e g e e el Bl A Rl e =l _II
3. Mg.gne’uc Flu.x 4 F s Law of Elect netic Induction
e Magnetic flux is the total magnetic field o The magnitude of induced emf in a coll is
; : Normal equal to the rate of e of netic flux
i“ss"@ *:*’““9“ e ;“"E ) e i i e
e For a uniform magnetic field, magnetic
flw (®) is given by |T == d&?
—7 |
& i where, E = induced emf (V)
® B A cos 0 ‘ — e84 N = number of turns in the coil
— -+——B ® = magnetic flux (Wb)
where, B = magnetic field (tesla, T) > t = time (s)
A = area of the col (m’) R | o The negative sign (—) shows the direction of
B = angle between magnetic field Area = A induced” emf (given by Lenz's law).

and normal to the area (degree)

5  Factars Affectmq Induced EMF
@ Number of turns (N) :

More turns — larger

induced emf.
Rate of of flux : Faster change
@ = Larger induced emf. (dt)

@ Magnetic field strength (B) : Stronger field
—3 Lﬂrger Chﬂ.rlHE Ln. 'FI.U.X i ].G.rger erﬂf

'©N'eu.uFthscul(A},
flux — larger emf.

I
' (B Angle of the coll (8) : Change in orientation
:

Larger area —» larger

alters the flux — induces emf.

o If ® changes uniformly, then

6 Numem:al Emmpl.e 1 (Chﬂnqe ll't Maqnetu; FLeld)
A coll of 200 turns and area 0.02 m? is placed in a
mugneﬁc field which cl’umes from 01 T to 05T in 0.4 s.

The plane of the coil is perpendicular to the field. Find
the induced emf.

Given : N =200, A =002m?
By =01T, B, =05T, t=04s
9 =0 (cos®=1)
Solution : &, = B,A = 0.1 x0.02 = 0.002 Wb
¢2=32A=0.5x002= 01Wb
E - N -0)
- 200 ,t(0.0l - 0.002)
_ 200 x 0.008 E=4V
A 4V

FY. Numerical ExamplzZ(Change'mAma)

A rectangular coil of 100 turns is placed in a
uniform mrlgnetu: field oF 0.3T. Its area changes
from 0.01 m* to 0.05 m? in 0.2 s, The plane of the

coil is perpendicular to the field. Find the induced emf.
Given : N =100, B =03T
A, =001m?, A, =005m?, t=-=02s
Solution : &, = BA, = 0.3 x0.01 = 0.003 Wb
®, = BA, = 0.3x0.05=0.015 Wb
E = N(¢2"¢1}

t
. 100 x (0.015 - 0.003)

100 x 0.012 %
SRS T L

E=6V

8 Nu,mencal Emmp[e 3 (Chnnqe in Onentatm)
A coll of 50 tumns and area 0.04 m? is placed in a

uniform netic field of 0.2 T. The coil is rotated from
8=0"toB =90 in05s. Find the induced emf
Given : N =50, A =004m>, B=02T

8, =0, & =90", t=05s

Solution : @, = BA cos 0° = 0.2 x0.04 x 1 = 0.008 Wh

! ®, =BAcos 90° =02x004x0 = 0 Wb
E = N(cDIt (Dl)
. 50« (0.-0.008) E <08V
0. ; .
4 tude |
= ,0_;* = =08V b
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23. Induced Current and Lenz's Law

(to attract the raceding North pole)_
o Golvmomzter shows a deﬂe,ct'wn in the opposite direction

e (Galvanometer shows a deflection in one direction

1. Induced Current 2. Lenz's Law "3 Effect of Relative Motion
e When an emf is induced in a closed | @ The direction of induced current is | ® Ifa magnet is moved towards o |
circuit, a current flows in the circuit. such that it produr.es a mﬂgneti.c 5 coil, the magnetic flux Hmﬁmd i
This current is called induced current. field which opposes the cause (change|| the COEl L"':'”Wiﬁs ed.md an n o |
o [Itis prod.uwd only when there is a || in magnetic fluwx) that produces it Eﬁ;ﬂpplgsfsmﬂﬁ m:;ur}en?se i
change in magnetic flux linked with || ® It is a statement of the law of | o Toafl o TN |
the circuit. conservation of energy (the induced || ™ o0, Er!od the flux de\:&gases |
current always acts against the || gng the induced curvent s in @ |
e The induced current exists only for | chamje) ! plabien thi I
the time during which the mu.grwﬁ.c I | Eri;gel i i
flux is changing. i | “The induced current is in such a || z T*f ’thre-u'-. R i I
direction that it opposes the change (or o change in flux), no induced |
e mﬂ"gﬁ’: flux that produces it current is pmduced !
' 4. Direction of Induced Current (Examples) - P em—
:(a.) Magnet moving towards the coil ! (b) Maqnetmminquwau from the coil i
_ /I \ |
| C ‘M |m . behaves LLkT% g *M s behaves hlltr;aau : '
I — SOV | North pole | — South pole i
! (to oppose the | (to oppose the |
! upproach} ! recession,). I
' | i
|| - o | . _—— o - |
| Observation : | | { Observation : |
| ® A momentary induced current flows. ! | | @ A momentary induced current flows (in opposite H
| ® The near face of the coil becomes a North pole | 1 direction to case (a)). H
| i (to repel the approaching North pole). i | ® The near face of the coll becomes a South pole l
| | !
| L i

e e e T e e e s =l = ==t ,_____,_____________—U
 Effct of Drcton of Viion Tii . Relationship between Induced EMF |
South pole. towards the col b) Sodh o th || 0 Current |

(“) o i :;“ L e e = | o it s el s e o
l”(N I | I B0 (ol end | change of magnetic flux by Faraday's law : |

QLRAEND | enaves ke o | [ ONMHIERO  veo the mocpet] |

mmm (| (W (e ]
s (to repel the | <+ North pole || |
approaching | (to attract the || @ If the coll has resistance R, the induced |

South pole). | ﬁdmg 5ﬂuth‘,; current is given by Ohm's law : ;

.! | |

Induced current is in a direction i: Induced current is opposite to that :! = ] N do ‘ .
'\FPGSIJ’-E to that in case of |I when South p0|.a uppruuches (u.rLd R R dt I
rth pole approaching :I same as North pole approaching). || o |orger induced enf or smaller resistonce |

l i pm Uuces a LDJ‘SG.F‘ induced current i

_;_ = o ::__"'____JL'_"_'_______'__' e _"_'_'_'_'___| = — N e e
| EX Worketi Conceptual. Exumpl,es }' 8. A hcuimns !
: S s e App-lcalions !

(@) \ Whmhwuyrwllumntﬂnw'? |(b) No_current. condition il ® %mﬁtﬂm !

!l A North pole of a bar magnet is moved A is held ot rest inside a coll. || m :gﬁc g emr‘ggu.smg I

| towards o col Which face of the col | WL there be on induced current? | TmF"‘“g _ , n

| becomes North or South and what is the | . (B o mal® L:ﬂ.u.rgm i pomary o |

| direction of induced current (seen from | Solution : || induees owrent in ool (used in power |

”’Lhemgnetsdz)'? | @ There is no mﬁemnmgngb.cﬂuxi; transmission) l

1 ; (8, area and field are constant). || ® Dunmrmsundulternnturs Based on induction |

| @ Flux increases, so the coil must } I,mlmﬁm | e mwnwokto Ed.dgmmt:.mm&mdmi

| Oppmw,mmm v v s i mfm 7 |
| & Near f Mortiapole. . ® s ) fectors : Motion of metal chonges the |
| ® Inirmedmwrant (seenef'rompomagnat i {0‘" cil) is moved or the field strength ii magnetic field and induces current 1n acoll :

e e e l | @ Energy harvesting devices : Use induced current |

| S e '_ | from'mobion bo generate electraty |
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24, Elec’tromqgr_ld_:ic___ _Induction. Ap_pl'yca.tions

1. Generator Principle 12, Simple AC. Generator (Diagram) |
o A generator works on the principle of electmmagnetlc Coil rotates
induction. anticlockwise

e When a coll is rotated in a magnetic field, the
magnetic flux linked with the cog chan.ges contmuousl.H
an induced emf is produced

e This converts mechanical energy info electrical energy.

e If the coll has N turns and area A and rotates with
mgu!m' speed w in a uniform ma.gneﬁc field B, then

(wi

sl Sy AN SEMEDL gERSER ToomEl SR SRR SR R i

the induced emf is : o s 2
n es <
[ E - NBAwsinot 08
S T e o e T e e s b S e A e e Ag Wt_ _____ e
3. Working of an A.C. Generator ‘4. Output Waveform
® A rectangular coil ABCD is rotated with uniform angular a Induced emf
E (V)

speed w n a uniform magnetic field.
° ﬁe magnetic flux linked with the coil changes continuously.

|
B
o According to Faraday's law, an induced emf is produced i 4 /\ §
® The ends of the coll are connected to slip rings which | %\/T Timr(t)
I 'Emax
|

maintain continuous contact with carbon brushes.

o The induced emf (and current) changes direction after
every half rotation, so the output is alternating current (AC).

v | The induced emf (and current)

es direction after every half

rotation, producing alternating

5 Proticol Bomples 1 lemm@d —
(a) Hydroelectric Generator | (b) Wind Generator | () Bicycle Dynamo
S~ : Generator i!

drives turbine : _
° rKoﬁttel,cs iﬁr ?lrgfmﬂowmg water !l o Wind rotates theblades i ® Rotation of the wheel rotates .
i .| e The rotating coil produces | the dynamo, '
e lhe rotoimg coll in a mc]algnehc I iklod et;ln% | ® Induced emf is produced due
field produces induced emf’ | BT S T W i to changing magnetic flux
@ Used in hydroclctic power plants | ° " " PR e Used b poer small angs.
r— — e s o = SR ot o
6. Important Points | 7. Exam-Style Questions ]
@ A generator converts mechanical energy into electrical i Q1. A'trl;f(:tmgﬁrar wiidm; 010{3{i tur_‘{tsl and r:lrj?ca 0.02 m* ﬁr‘cotgiisi I
- &l et | with anqular spe rad s in a uniform magnetic fiel
@ ;;erﬁ:ﬂ uszq ele:tf“orrmrgdrle:d 3 : i e | of 04T F'mdp the maximum induced emf d |
Rt R SCprasuies BTG WIS G SOAqieE. |} Sel: (B = NB AW [
flux linked with the coll changes = }1_%0; 0.4 x0.02 x50 ‘ B, =40V 1 !

@ The magnitude of induced emf deperuis on N, B, A and w.

The direction of induced current reverses after every

half rotation (AC).

Larger angular speed or magnetic field strength produces
@ Larger induced emf.

Q2. The diagram shows a coil rotating in a mugneﬂc field '
State the direction of induced current in side AB when
the coll moves as shown

B
Sol: Using Fleming's right-hand rule, |
currmegntm!\ is?rcmﬁtoB. ¢ i

L ] e —— =
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25. Direct Current (DC)
— =r ISR —— -
1. Definition ' 2. Characteristics of DC Carvent (D)
@ Direct Current (DC) is an electric I (@ Flows in one direction only A
! current that flows in one direction || . o
] Has a constant polarity (positive and DC
only through a conductor. |H ® negative i:er‘mim.lg r-emgm fixed).
o In DC, the d’Lr'ectL_on Of current [ Procdiicad o 5L euphent inocrikads
does not change with time. '[i ® may be constant Hm. viriahs): j Tre @
@ The magnitude of current may be || Careharstoped Basil usinghbotiomies. -
constant” (steady DC) or may vary H @ Mw,l HE T_ etdfmuéu@deé erﬁd Waveform of DC ‘ |
but the direction remains the same. ¥ ci:::uL IR AL U TS COMECs (b i )
L Y - o
E 3. Direction of Current in DC Circuit | 4. Sources of DC 5. Waveform and Symbols
. ® Conventional current flows from the ' @ Cells and batteries o DC has a straight line
| positive terminal to the negative terminal || (eg, 15V dry cel, waveform parallel to the
: Q‘F Hvle source. [ 12 V car batter‘g) JEtme axis.
| @ Electron flow is from the negative ' @ DC power supply units, Vottage (V)
terminal to the positive terminal || @ Solar cells (photovatoic cells) | Current ()
| (opposite to conventional current). | 1 DC
| | @ DC generators (dynamo).
E Resistor (Load) _ @ Rectifiers (convert AC to DC).
[ Conventional current ; “DC Wav eforn;rm & |
| 1 (. + o) T |l [ (sonstant Wik bing)
)= | i
|[ = | < ; TTHT e Symbol for DC source :
D(llsourca I 12V Solar call | _+|| =
- cel —_—
(Battery) (15 V) Car battery e
L I T L e | % z : Ll
I A3 = T B . - i
| 6. Practical Applications of DC 7. Comparison of DC and AC
@ Used in electronic circuits (mobile phones, laptops, | , = i T
Feature Direct Current (DC) Alb.rnahng Current (AC)
] TVs, etc). g o Ve | ]
E ® Used in battery-powered devices (torch, calculator, Direction | Flows in one direction | Changes direction
| remote control). only periodi
| ® Used in electric vehicles and car electrical systems. | . Varies with time i
| @ el in charging of batteries i oot iendy ! (sinusoidal) |
| @ Used in DC molors (to produce rotational motion). || Waveform | Straight line Sinusoidal wave
f ® Used in solar power systems I: Frequency | Zero frequency 50 Hz (in India) |
[ I .
Cells, batteries, Alternators (AC generators)
E Sourees solar cells, DC generators | mains supply ?
Common | Electronic devices, Domestic supply,
uses battery-powered devices, | large-scale power |
: DC motors transmission :1
| | Storage | Can be stored in batteries| Cannot be stored directly
b i} o B, B IS e 4
A A e e e e
8. Example (Numerical)
A battery provides a constant voLtage!oF 6 V across a resistor of 3 (). Find the current in the circuit.

|
|
[
- Given : V=6V Solution : Using Ohm's law,
|
|

1
|

R =30 | ol B I =2A
; R 3 2 A
|
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26. Alternating Cu.rrent (AC)

1. Definition : P, P Wavefonn The AC ot is _é
e Alternating Current (AC) is an electric i Current (I) usually sinusoidal in | |
current that changes its direction i I | . nature. |
periodically with time. L R ! :
e In AC, the magmtude of current also i ; i
varies with time in a reqular manner || 0 : ! | Tk (b |
(usually sinusoidal). H ! ! ! !
158 I | 1
o The dxrhzra::ton OL.S current reverses after ii _I’“‘“‘" T/2 : "i' i
ever cycle. | - e » .
B W Tl I One conpele ccle |
3. Main Characteristics E' 4. Time Period and Frequency 1
@ Direction of current changes periodically. I| ® Time Period (T) : Time taken to complete one full cycle. |
Magni : S || @ Unt : second (s) I
agnitude of current varies with time ! W g = |
(follows a sinuscidal waveform). i * : : R T RN }
I Uru.t . hertz (HZ) |
@ Has a time period (T) and frequency (f). ! & “Rilstithint - i .t q !
@ Average current over one complete cycle is ! it f i
zero. i ® If frequency is 50 Hz, it means 50 cycles are !
@ Widely used for power supply and | completed in 1 second. |
electricity transmission | @ For 50 Hz, the time period is : T = 2 - 0025 |
| 50 (20 ms) |
e i e e
5. Positive and Negative Half Cycles | 6. Examples of Wa.vannn Interpretation i
Current (I) Positive half cycle (o) I [ One complete cycle |

I 4 (current in one directi ) ‘ ' a T/\ < Time period = T

o I V\ E | \__/'t Frequency = f = 71:

0 : ) (b) I I[ Two camp_le{e cycles—

i | Time (|: ¢ Time taken = 2

H Frequenc

= Lnax : ative half q 157
| (w“ﬁ i \ ===
| i ) I Three complete cycles |
< : 5 ¢ Time taken = 3T
I_ __P_ne_cmnplete cgds A — ___f @ F'”e‘}lfm_H 2
7. Neswtoal Ewmgie 1 (sl Tha Putel] | || B, Ml Exancl 2 (Pl Fouancy) |
An AC source has a f'requem:g of 50 Hz. Find its time The time Pmd' of an BCis 001 ¢ Find s frequencg. |
period Given : T -001s |
iGwen:F=50Hz ' | i
Satin = Tl -L-002s | T-0025 S’“‘“t“""f-—=0m-100Hzi
b . | R o |
i e s e e e e e S s %

9 Nwmncul Exumpla 3 (Cucles in Given Time)
An AC sup has a ?requency of 50 Hz. How many cgc[es
are comple f in 2 seconds?

Given : f =50Hz, t =25
Solution : Number of cycles (N) = fxt=50x2 =

N = 100 cycles

100 cgctas i

:Ho Important Points
I ®
|
|
|

In one time period, current completes one full cycle
(positive half cycle + negative half cycle).

Frequency in India is 50 Hz.

AC can be easily stepped ors’ce ped down usi
transformers, wdaﬁh rElf:J.kesuIL)t smtab For lung disu’;garw

power transmission.

e

—
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27. AC vs DC

i

1. Meaning 2. Waveforms

o Direct Currert {DC) : A current which || Curet (0
|I Ay YYOVEIUAITE

flows only in one direction and L i
constant magnitude with time. i E
: [ =0 > | 0 >
o Alerating Curent (AC) - A curnt | me® ||\ \m®
| |
| |

|

i

i

|

|

which changes its direction and i
‘ DC : Constant value AC : Changes with time ‘ |
!

o |

|

|

magnttud.e per‘mdtcaﬂg Lol (does not change with time) (alternates direction)

L e ot oo Sho il e Sr ) O e ol e e e e s
3. AC vs DC : Detailed Comparison | 4. Frequency of AC
S.No| Porameter |  Direct Curent (DC) | Alternating Curvent (AC) ||| @ Frequency (F) is the number
= . == — v =" | of complete cycles in one
1 | Direction Flows only in one direction Changes direction periodically ' il
2 Magnltude Constant Varies with time [usua[lg sinusoidal) | | @ SI unit : hertz (Hz)
3 | Waveform Straight line Sine wave T
4 | Frequency | Zero (0 Hz) | Non-zero (in India 50 Hz) ¥ T
5 | Source Batteries, DC power supply, Alternator, power grid (mains), !
e T % S e where, f = frequency (Hz) |

+ 4= = - e — T = {i tod (s)
6 | Transmission | Not suitable for long distance | Suitable for long distance (can be L AU AT
stepped up/down using transformer) | | © In India, the mains supply
BT . LR | T e i frequency is 50 Hz.

Can be converted to AC using | Can be converted to DC using '

7 Conversion

i

i

becomes negative, reaches I

maximum negative value and |
again comes to zero. This h
i

|

|

|

|

|

| .
inverter rectifier Example : If 100 cylc:[les ur: f fd
8 | Common Uses | Mobile chnrgelr's, electronics, _Hn;ms: Lndustn; ap_pliarices, B : the frequency
electric vehicles power distribution i Solution : ¢ _ Number of cles
- time
I
i - 10 . 5o ke
e . e e e e .o s AR ot s o
5. Reading Waveforms [,y cyran srts from 2o || 6. Advantages B
increases to maximum positive. | | Advantages of DC ant_qggs of AC |
Current (I : ! e s
() |"—I—""| value, decreases to zero, ! o' Sulth sl o L e el i
i
|

] : down using transformers.
Safe for low-voltage devices. o SituiE i logittonse

o Used in electronic circuits bransmission

S
>

completes one cycle I and battery-operated devices : ndushri
. ! ] . 1 | o Widely used in homes,
\/ Dme 1)1 8 (Tmfnkﬂu{ o opla = | @ No frequency-related issues. and I;r:’wer distribution

b = pe P 1 L] o Generatars can produce AC |
] L e B TR || easly and economically. |
7. Uses P PR 1’?8. i_mmrtunt Points ]
; Uses of DC Uses of AC ii @ DC has zero frequency, AC has non-zero frequency.
! o Mobile phones and laptops e Household supply (fans, lights AC can be easily converted to higher or lower voltage
i
|

I
| | @ Batteries and solar panels e Industrial machinery i using a transformer; DC cannot.
|
|
|

| @ Electronic circuits (TV, computer) » z?::fur}ugimmm and AC is preferred for long-distance transmission due to
I.O'Wer PUWEI" I.USS.

e Electric vehicles : :
: _ e AC motors (in pumps, compressors) i ; : -
s | 3 e TR | @ Moyt e,

I
| washing machine, etc) I : AR
| (| () T standard mains supply in T i 230 V, 50 Hz (AC)
e e e e .

9. tual and Numerical Questions

Q. A col produces 150 cyles in 3 seconds, | 02 The time porod of an AC source s 0.02 5.

Q4. The waveform shown below represents

! Find its frequency a current. [dentify whether it is AC or DC |
Calculate the frequency, I T and give a reason {
Sol: ¢ - Number of cycles T 002 14 [

time Q
_ 45018 50 Hz (a) Battery (b) Mains supply (c) Solar cell 0'_—"&
3 (d) Mobile charger output (e) Generator Sol: DC, because the current is constant

|
|
!
i
3. State whether the following are AC or DC : i
|
i
|
i
|

<

a) DC () AC (c)DC (d) DC (&) AC | and does not change with time. |

| s e T . |
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28. Electric _Mo’cor

1. Principle 2. Construction

e An electric motor works on the princlple | Rectangular Split-ri When current flows through the
that a current-carrying conductor ? ool (armature) commutator coll, the two parallel sides

experience equal and opposite
forces due to the magnetic field.

3
@)

@ These forces form a couple
©)

|
|
|
!
placed in o magnetic field experiences I
a force. i
e When a r‘echmgular coil is placed in a I producing a torque, which
i rotates the coil.
|
|
|
|
|
|
|
|
|
|

After every half rotation, the
sELibr'mg commutator reverses

current in the coil
@ The direction of force also
reverses, so the coil continues

to rotate in the same direction

magnetic field and current is passed
throu.gh it, forces on its two sides are
in opposite directions, producing a
torque that rotates the coil

|
I
!
1

DC supply

— T | ——

5. Fleming's Left-Hand R

6. Energy Conversion
® Clectric motor converts electrical
energy into mechanical energy.

i

|

|

!

il ® The electrical energy supplied to the
i motor is converted into rotational
|
|
|
|
|
|
|
|
|
|

I

| The direction of force on a current- i
I carrying conductor in @ magnetic field |
is ggew? by Hemirg's kﬁ% e, |
Forefinger I

(Direction of magnetic field)

kinetic energy of the coil/armature.

Electrical Energy
=
Middle Mechanical Energy
I (Direction of current) (rotation)
R = e e e s T ]
R T

Side AB experiences an upward force
and side CD experiences a downward
force, forming a couple which rotates
the coll.

High efficiency.

Can provide continuous rotary motion.
Widely used in home appliances, industries
and vehicles.

Available in different sizes and power ratings.

| |._. T e e ) N e e s el NPW B e B

7
® Simple construction and easy to operate.
°
®
°

I B R SR e e e et T e R B Wi T ==

e —— e e e — —

! (;) hE.Ilmﬁ:.' L'ﬁn.nd&r ,r{d) El.gctngﬂtu -E- ‘gjnd,g;‘ h | ! @ A current-carrying conductor in o magnetic field

I —— | experiences o. force.

il ® In a motor, the coll experiences a torque due to a pair
' of equal and opposite forces.

|

i

I e [T

I \ | @ Eﬁ[lil-‘t mr:;lfﬁ::.mutatnr reverses the current after every

| Used in kitchen | Used in electric ||| L A By

| e | T ] @ Direction of force is given by Fleming's left-hand rule.

| B i @ Electric motor converts electrical energy into
mechanical energy.

s | s, s _ormmrn. SIS . —— S— -

10, Conceptual Questions
Q1. Why does a current-carnjing coil rotate in a magnetic field? Q4. Convert the following energy.
Ans: The two parallel sides of the coil experience equal and opposite Ans: Electrical energy — Mechanical enerqy (rotation).
forces, forming a couple (torque), which rotates the coil. - g
Q5. State two applications of electric motor.
Ans

| : (i) Ceiling fans (i) Water pumps, Mixer/Grinder,
| Ans: It reverses the direstion of cirrert in the coll after every half Electric vehicles, etc.

I rotation so that the coil continues to rotate in the same direction

| Q6. Whg is DC suppl.H used in a simple electric motor?

| Q3. Which rule is used to find the direction of force in a motor? Ans: Because the split-ring commutator works with DC

Ans: Flemi_rLg‘s left-hand rule. to reverse current every half rotation and maintain
continuous rotation.

Q2. What is the function of a split-ring commutator in a DC motor?
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| 29. E_lectric Generator

1. Principe =0 112, Construction (Label n )

® A generator works on the principle of
elgr?tmma.gmztlc induction.

® When a coil rotates in a magnetic field,
the m,ugnet’u: flux linked with the coil
changes continuously, so an induced emf.
is pmduoed in the coil.

e If the coil is connected to an external
circuit, an induced current flows.

Rotation

7N dal

S Lt sl S S i, T iy it

| . _ _ - 4 3
3. Working 4. Diagram of Working 1|
® A rectangular coll ABCD is rotated with | Position 1 Position 2 | Position. 3 |

angular speed w in a uniform magnetic field | 6 =0 (6 = 90° (6 = 180°) {

@ As the coil rotates, the magnetic flux linked | | |
with the coll changes continuously =Ny | 1

| |

® An emf is induced in the coil (according to | . . — | . 1
Faraday's law) and direction is given by i ‘ - l
Fleming's right-hand rule. . }

® The ends of the coll are connected to slip rings | Fh;x maximum | Flux zero Flux maximum !
which rotate with the coil. Carbon brushes Il d® . ae : do 5 |

| Puaiin, ntol) Vith B8 18 rigos. - (Fe-o (S 4 moimum) (-0 |

! ® The induced emf (and current) changes direction |/ Induced emf = 0 i Induced emf = E, Induced emf - 0 |

every half rotation, so the output is alternating I ! }

i current (AC). | |

_'_‘_'::::.‘_‘::::".:::;‘.‘::::::::::::::—‘r‘“:_,_;:_'-_'::::;':;::::::::'_'_1"}.;'_'_;:———'—"':"-'—'""'—:"'-—-::fl
5. Induced EMF in o Rotating Coll || 6. Output Wavefor | 7. Energy Conversion
If a coil of N turns and area A rotates with || “Induc?d emf i:

| angular speed w in a magnetic field B, the || E(V) i

ki ke : I E. | Mechanical M";

| I Tt (e enf)

E = NBAw sin wt | I /\ /\ s || (rotation)
| ;: 0 .]g\/.r Time (1) ii and current)
i = = l -El'l'l.ﬁ.x ||

| @ Moxdmum emf @ Eng = NBAw il H ® A generator converts mechanical

| |
1 i
| |

| @ The induced emf varies siusoidally with time. | Thegenerainrpmdmesanal’csrnnﬂng‘
|

| current (AC) output.

enerqy into electrical ene
usmggelectmmagneﬁc mdurggon

—————————————————————————————— 5] it e e soeini
= R 4 A w0 —— I [Fam T ] f T R
| 8. Generator vs Motor (Comparison) 7 9. Applications 1 10. Important Points
i 1 2 I .
!| Feal Faid Coals Blackic. Mobar |} Generators are used in A (D A generator requires
| : mjwucul to rotate
! Principle Electromagnetic induction Force on current-carrying }| -~ Enwd: lantt;r(}i henmili the coll i
i (change in flux produces emf) | conductor (motor effect) I ESM' - 'i' ® It works on electromagetic
[ Tnput Mechanical energy Electrical energy ' y D [emzrgg ;HEt £ 1l induction
! (rotation) (current su?ppl,g : < {bﬁ HE:MLH}“ ! @ The output is AC (alternating
i Output E.lar.trim[ energy Mechanical. energy i . ﬁutor:.zbilf : Eur‘renﬂ. e
|| (oot onf ond comnt) | rokation) | Gl r g @ el
|| Rule used Fleming's right-hand rule Fleming's left-hand rule i battery) ' of turns and anqulor speed |
| (for direction of induced. current) | (for direction of force) | o Boye dpamo | produce lorger induced enf. |
! Device parts | Slip rings, carbon brushes Commutator (in DC. motor) [il @ Small PDFJLU.HE i @ It converts mechanical
IR Ak e ; _ Il generators | enengy inko electical enengy
I Type of output | Alternating current (AC) Rotational motion (mechanical) i I
| | i

j
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30. Inteqmted Revision

e e e e e e S il e e e e =
|

1. Potentiad Difference and Ohm's Law 2 Resistor Combinations
3. Find the equwo.l,ent resistance between A and B.

Q1. A current of 2 A flows through a resistor of 10 Q.

I
Find the potential difference across it. Il (a) Series combination: | (b) Parallel combination:
Sl: VIR | | AW
: 30,:,0 V=20V IR e o D | Ack 5w o B
. ,i A —"WN—W—AW\— B i eaL
Q2. The potential difference across a conductor is 12 V I i A A G
and the current is 3 A Find its resistance. I Ry = #+6+10 200 | Req ? 2332 .
Sol : VN2 ' ' s oS |
R=T=T=4Q R . 4Q|= Reg = 200 } 6 b
i ' R =R 130
| S TP« b, || . <
_________ — . _ ]
- | 3. Electric Power k. AC Frequency and Time Period | 5. Electromagnetic Induction |

1 |
| |
i |
Q4. A 60 W bulb is operated at 220 V. Find the current i Q6. An AC source has a time period of 0.02 s “ Q8. A cal of 500 turns has a magnetic flux
drawn. : Find its Frequer\zg H clmngz from 0.02 Wb to 0.08 Wb in 0.1 s
Sol: Pavi=1-f-20 coma sl foLl. L Lsop | LS e O
A v 220 | T .02 'iSol’ E-N(M})
[ = 0.27A || feB0Hz [I| 7 ko !
i I - =\ |
Q5. A heater of 100 Q is connected toa 200V supply | Q7. Find the time period of an AC supply with u" Sl 0.1 I
- Find the pover. I S f - 500x0.06 - 300V
Sol: p. ¥ _ (200° 40000 | ST A |
P T 6 i Sol: . 0.0167 s !i 0.1 T
P-400W || T:-UOT()?S ! |
_________________________________ | =T _____.__.___________JI___ S e e anaoy s e
e e S T R T T e e S oo
6. Motor vs Generator (Conceptual) i 7. Mixed Numerical
Q9. State two differences hetwaen an electric motor !i Q10. In the given circuit, find (i) total resistance |
and an electric generator ii (ii) total current (iii) power supplied by the source. i
 [Ans ;- " Electric Motor Electric Generator 'li foy e 20
Energ Electrical. —» Mechanical | Mechanical — Electrical || [l i
cmver%i.on 3 . :: 12V _'g‘gf_
|
b Working principle | Force on current- Electromagnetic induction | T
- carrying conductor el imyiip il o LSR8 1
Tnput Flectrical energ Mecharical energy || e o
] (current su.pp[g? (rotation) I Rigtal = 4+ 2+2
|
Output Rotational motion Electrical energy i} i I- % = -%2' =
: |
tdic o) I (@) P=VI-12x15=18W
8. Syllabus Based MCOQs 119, Key Thumy |
~ || Q1. The SI unt of electric potential |Q3 A device that converts mechnmml Q5. The direction of induged tumn.t: :
difference is - energy into electrical enengy is in a col is gven by - |®v.mmp.v[.m.fi
. (a) ampere (b} ohm (a) electric motor  (b) genemtm* i (a) Ohm's law l R ||
(o) vl (d) joule (c) transformer () eletric heater] ~ (b) Fleming’s lefi-hond rule | |9} Sories - Ry - R « 1l
| Ans : (o) wolt Ans : (b) generator Ei'r; FLLE"”-'“@iu right-hand. rule i @ 1 ; qu*' I
B e SR S S | Pernllel-f 200 o et e ||
|| | Explonation : Potential difference [ Explanation : A generator works | | Ans - (d) F'Ln;i's Ill':lw I Rey R R, '
is measured in wolt (V). | on eJ.edmrnugrw.tlc induction | = z ; |
- - sk ool | %Elplﬂhﬂﬂmr?ﬂzslﬂwsm @ oL (it -50m)]]
~ Il Q2. Which of the following is used IQ‘I.“wfmquﬂ‘qﬂﬂﬁaw.gmhdms:i_thg_d‘%d@&m"fﬂm@ T
to increase current in o circuit ? : ng produces | ) '
(a) increase resistance (@) 25Hz (b} 50 Hz Q6. mﬁmﬂﬂj? | ® Induced enf : E « N % l
(b) decreose resistance | () 60Hz () 100Kz 4 () e (gl || E-NBAwsnat |
(c) decrease potential difference i e o (c) generator (d) dry cel .

(d) increase length of wire
ﬁms {b) decrease resistance

Explmmtu:n From Oh's law ‘

I = = Decreasmg R increnses [

@Hotnr: Flectrical — Mechanical ||
Generator : Mechanical - Electrical |

s Ans : (c) generutur :
Explanation : standard mains 55 TELA B |
; in Trdia is 50 Hz. Explanation : A generator I
L SHFPlH i), Lt z produces AC due to continuous
change in magnetic flux
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