- Key Points:

. B it is magnetic induction or magnetic flux density

. H = magnetizing force or intensity of magnetizing field

B = pH for a material medium for vacuum Bo = poll

B/ Bo = p/ po = ¢ is called relative magnetic permeability . -
‘I' is called intensity of magnetization it is equal to magnetic moment developed per unit volume i
the sample. 1= M/V S1 unit of 1is A/m

Magnetic susceptibility (xa) - Ratio of intensity of magnetization (1) and intensity of magnetizing
ficld (H) is called magnetic susceptibility. It has no units

* = e (14 xm)

Magnetic field lines emerge from the North pole
inside the magnet.

Magnetic dipole moment (M):M=mx2|

and enter the South pole. But they completes their loop

(dircction is from S pole to N pole)

Magnetic field on axial line:
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B = (jo/ dm) x 2M /1) b= : r ——sf

B and M are parallel

Magnetic field on equatorial line;
B = (1o / 47) x M/
B and M are anti-parallel

Torque on a Magnetic Dipole:t=Mx B suchthat t=MB sing
* Potential Energy: U=-M.B  or U=-MBcosg
Work done to rotate a magnet in magnetic field

W =-MB (cos0; — cos0,)

e  Gauss Law of Magnetism essentially states that the magnetic flux through a closed surface/loopis zero. i.e.
$B.ds=0 It means magnetic monopoles do not exist in nature

» A bar magnet of magnetic moment M is equivalent to a coil of magnetic moment NIA

*

Magnetic moment of charge moving in a circle is M= qvr/2
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Pavamagnatie Materiak

The materials that develop tmporary magnetization sueh Tt the

\ : > IMARNMTY MOMANT I8 10 The same
direction as that ofthe wagnetic fidld in which WRY R pladed are known as

Paramagnenic matorials, They are slightly atmastad by magnats. Thay have pasitive 7
but very Tow suseepiibility. They have vnpaindd 2Leatans 1o tham vo 2ach atom has magnatia momant of 31

own, T an external magnetie fickd Waue acts on Hiny atomie magnate dipoles and align them atong appliad
Tield. They can be called a8 poor forromagnets.

Examples of Paramagnetic materials are Alumintam, Sodivm, Caleim, 210

Ferromagnetic Materials

The materialy that develop temporary but strong maghetization such that the magnetic momon s in the

same direction 1o that of the maguetie Tield i which 1hey are placed are known a8 forromagnenic mareriak.
They are strongly attracted by magnats,

They have positive and high susceptibility, They have unpaired clectrons in them, The atams interact with
neighbouring atoms 1o form *domains’ in them.in a domain all atoms align Their magnetic momant in same

direction. So a domain has large magnetic moment comparad 1 an atom.in external fizld thase domains aat
aligned parallel to the fizld so they get strongly magnatizad,

Examples of Ferromagnetic materials are lron, Nickel, Cobalt, Haamatite, 2t
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Effect of temperature on magnetic propertics

Acconding 10 Curie's Law, the magnetization In a patamagnetic materlal s directlyproportional to the

applied magnetic field. If the object is heated, the magnetization isviewed to be inversely proportional to the
emperature

(G
X=5= 5 L= magnetic moment per unit volume

H= Intensity of magnetizing field = B/

The Curie temperature (Te) of a ferro-magnetic matetinl is the temperature abave which it behaves like a
para-magnetic material.

' ¢
L s
H (=T,
MULTIPLE CHOICE QUESTIONS
l A ball of a diamagnetic material is heated. The magnetic susceptibility of its material will

(1) increase (b) Decrease (¢)Not change

(d) Increases than attains a saturation value

t3

A diamagnetic bar is suspended freely between parallel magnetic poles, It will tend to align its
length
(a) Perpendicular to the poles (¢) Parallel to the pulgs o
(b) At45" 10 the poles () Inany random direction
3 The magnetic nature of atomic hydrogea is

- Y & Jeap (] ) L) @ ni s
() Diamagnetic (b) Paramagnetic (¢) Ferromagnetic (d) Non = magnetic

4 In @ bar magnet the distance between its magnetic pales is n times the length of bar magnet where ‘n*

is nearly

4




(a) | (b) 0.64 7

5 Magnetic susceptibility and refagjye Permcabzfﬂi’ojﬁa material are
(a) directly proportional . '
(b) inversely proportional (€) differs by unity

¢  Natural bar magne (d) equal

actical purposes because their

(b) mass is large

(s are not very uscful for pr
(a) size is small

¢) magnetic moment is | i .
(c) mag ow (d) magnetic moment is high

7 Sllp.crf(?“:luc“cl’rs“l‘;? fl’chCCl di.ll-n'mgncls. A superconductor is kept in an external magnetizing field
having intensity *H" the intensity of magnetization (1) due 10 its own magnetization will be
(a) Zero (b)-H ©) i (d)-1

g IfB dc.notgs magnetic flux density and Il denotes intensity of magnetizing ficld which of the
following is correct

(@ B=pH (b)B= H/n () HB=p (d) uBH = constant
9 If'a bar of volume V" is kept in a ma

i | gnetic field it gets magnetized. If its intensity of magnctization
is ‘1" and its magnetic moment devel

opedin it is ‘M’

(@) I=M (b) e I/M © =MV (d) M=1/v
10 The force between two poles of small sized magnets ‘X’ and ‘Y" is F if their separation is increased
to double the force between them will be
(a) F/2 (b) F/4 (c) F/8 (d)F/16
SOLUTIONS-

1- ¢ diamagnetism is independent of temperature

2- ¢ U=-MB cos0is minimum in that orientation

3- b Paramagnetic, it has unpaired electrons

4- d

¢ =14y

6- ¢

7- b Xm =-1, /H=-1 so I=-H

8- a

9- ¢

10-b

Fis inversely proportional to r?

ASSERTION REASON QUESTIONS

ASSERTION- Each atom of a paramagnetic material has a non-zero magnetic moment of it own.
REASON- Paramagnetism is shown by materials having unpaired electrons in them
ASSERTION- The magnetic moment of electron in outer orbit of Hydrogen atom is higher
REASON- The kinetic energy of electrons in outer orbit Hydrogen atom is higher

ASSERTION- A diamagnetic bar in magnetic field aligns itself along the field.

| REASON- Susceptibility of a diamagnet is slightly more than zero
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ASSERTION- A bar magnet is equivalent to a solenoid as both generate magnetic field
. its pol
REASON- Magnetic field at the center of bar magnet is weaker as compared to its poles

ASSERTION- Two poles of a magnet can never be separated
REASON - Magnetic field lines always form closed loops.

ASSERTION- A magnetic dipole tries to align itself at right angle to the applied external Magnetic
field.

REASON - When a magnet is perpendicular to a magnetic field its potential' energy ls’mammum
ASSERTION - The magnetic permeability of a material doesn’t depend on its temperature.
REASON - The magnetic induction (B) doesn’t depend on temperature.

ASSERTION - The magnetic moment of a magnet is equal to the product of magnetic pole strength
and least distance between the poles of the magnet.

REASON - Magnetic moment is a vector quantity. )
ASSERTION - A ferromagnetic material has high magnetic susceptibility. ‘
REASON- Ferromagnetic materials have domains and each domain has high magnetic moment
ASSERTION - Two identical charges moving in circular orbits of different radii can have same
magnetic moment
REASON- The magnetic moment of a circulating charge is ZERO.
ANSWERS

a2-¢c 3-d 4d 54 ¢ d 7-d 8b 9-a .10-c

2 MARKS QUESTIONS
Can a magpetic monopole exist in nature? Give reason

A paramagnetic sample is placed on a watch glass as shown below. Draw diagram to show how the
distribution of sample is affected in

due course of time. In which case it attains new

arrangement quicker (i) a hotter sample N S

(ii) a colder sample

A long solenoid has a magnetic field of 0.25T inside it. If a bar of magnetic susceptibility 5 is
inserted into it what will be the magnetic flux density inside it?

A Diamagnetic bar and a paramagnetic bar are kept in a long solenoid for magnetizing them. Draw
diagram to show magnetic field lines with samples placed inside clearly mention the magnetic poles
induced in the two bars.

Why the susceptibility of a diamagnetic material doesn’t depend on the temperature?

The susceptibility of a ferromagnet is reduced by 10% when its tem

perature is raised above 1200K
by 50°C. Find the temperature below which it will be paramagnetic in nature

SOLUTIONS-

No, A circulating charge causes magnetic character. From one face
it appears to move clockwise while from other face it appears to
move anticlockwise. So the two faces are two poles. It same thing
viewed from two sides. . N
Refere gist given above. The hump will split into two
mounts of smaller size as paramagnetic salt is weakly
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attracted by magnetic poles.

The new arrangement Will be quicker in colder sample as

hotter sample is less susceptibile to magnetic field so it

will respond slower

3- n=po(l+ ) SO p=6pe

B=uH=6pH=6Bs
B=6x025=135T
refer Gist of chapter

In a diamagnetic material all electrons are paired so the magnetic moment of an elcctron is nullified

V. piE Even if we change temperature the magnetic moments get nullified so diamagnetism is -
independent of temperature.

6- Using formula ym=C/(T-T,)

1/0.9 =(1250- T¢) / (1200- T¢)
T.=750K

3 MARKS QUESTIONS

A bar magnet is bent to make a semi circle. Find the ratio of its initial and final magnetic moment.

What will be the magnetic moment of the system if it is broken into three equal parts and make 2
proper triangle such that at two vertices like poles are held together?

The relative permeability of a material is 1.03po. Find its susceptibility and identify the magnetic
nature of the material. What will be the effect on it’s susceptibility if its temperature on heating it.

For a magnetic material the relative permeability is 1.050. find its susceptibility. Draw a diagram
showing the magnetic field lines when such a sample is kept in magnetic field.

A square coil of side 20cm and 2000 turns is carrying a current of 10A.Calculate the magnetic field
at a point on its axis 8m away from its center.

Two identical small bar magnets each of magnetic moment *M’ are placed along X-axis and Y-axis
such that their mid point is at origin. (a)Determine the expression for magnetic field at a point 'r’
distance away on Z-axis, (b)Find the direction of resultant magnetic field at that point

A paramagnetic sample shows a saturation magnetization of 12% at 10K inan external magnetic
field of 0.5T. what will be the saturation magnetization in a magnetic field of 0.8T at 12K?

Three identical bars of magnetic moment M each are
arranged as shown to make an equilateral triangle.

Find the magnetic moment of the system.




SOLUTIONS:

& A = 1 U Y ¢ V= }I/2
| llitt’:lr:\i'l‘ :gh ’1 o, oM e X 20 thus MM = 2 henee MM
R b 4]

P A QT w TH anglo between PR QR 15120
o [PR] s 2 henco My == 2M73 nlong P

2o 0= ol by
O3 po = () 1)

X 003, 00 I8 paramagnetle,

Susceptibility deerenses wiih temperature Inversely ng per curie's law
3= do yourself
4> M = NIA

M =2000% 0.2 X 0,2 X 10 = B0 Am?,

B= (o /dn) » 2M /1)

B =107 (160/8") = 3,125 x 10* 1 along the nxls of coll

5= Do yourself
6= Do yourself 16%
7= Dowsin Q1 2M towards right

SOURCE BASED OUESTIONS
Q1 In a paramagnetic sample each atom has unpalred electrons so each atom in them has a permanent
magnetic moment of its own, Under ordinary conditions the random orlentations of these tiny atomic
magnels sum up 1o zero, When the sample Is placed in an external magnetic fTeld the tiny magnets get
oriented along it due 1o which sample pe

I magnetized, 16 we raise the temperature the thermal agitation
disturbs the alignment 5o system stans losing fis magnetic character,

(1) The magnetic moment of ench ntom I8 non-zero for
(a) Diamagnets only
(b) Paramagnets and dinmagnets both
(¢) Paramagnets and ferromagnets both
(d) Perromagnets and dlumagnets both
(1) When o paramagnel I8 placed in an external magnetie field B

mic ligned along B
I the atomic magnets pet o }
::‘); 2 I the utomie magnets get ullungdroplmmc B




(c) Few atomic magners get alj
SIS get aligned along B
= R (dzk.;vios-t of &;}e atomic magnets get a]ignzd along B
1i1) Two Aluminum bars )
( fentinsiten Ingg sol: n?)?g. ?‘hl:;e Same.volmne but area of cross-section of P is more than Q they are
. saturation magnetic moments are Mp and Mq respectively and the
respective pole strengths are mp and mq respectively then PR '

(2) Mp>Mq and mp <mg
() MP=Mq and mp>mgq
(c) Mp<Mgq and mp=mq
(d) Mp<Mg and mp>myq
OR

-’!fa paramagnetic bar is kept in an external magnetic field its

(i) ;\dagn?tic moment does not change with magnetizing force (H)
(b) Intensity of magnetization does not change with magnetizing force (H)
(c) !IS pole strenglh rises with magnetizing force (H)
- (d) its §uscept1bxllty rises with magnetizing force (H)
(iv) The variation of magnetic susceptibility of a paramagnet with temperature is correctly shown by the

graph

Susceptibility
Susceptibility

Temperature (K)

Temperature (K)
(b)

(a)

£ z
g g
3 E
Temperature (K) Temperature (K)
(c) (d)
Q2 P, Q and R are three bars they are kept in magnetic field for some time and their magnetic behavior

is observed. The magnetization of P was much higher than that of Q and R. When they are heated
after withdrawing from magnetic field Q doesn’t show a change in its magnetic strength. The
behavior of P is found to be same as R when it is heated to a temperature more than 1100°C.

(i) Out of the given bars the diamagnetic behavior is shown by
@ P @®B)Q (c) R (d) None

(i)  The magnetic susceptibility is largest for
@P ®Q @R (d) P and R both

(iii)  Magnetization or intensity of magnetization is defined as
(a) Magnetic moment developed
(b) Magnetic moment developed per unit area
(c) Magnetic moment developed per unit volume
(d) Pole strength developed

(iv)  Which of the following is NOT true ?
(a) P is Ferromagnetic ‘
(b) 1100°C is curie’s temperature for P
(c) 1100°C is curie’s temperature for R
(d) Q has negative magnetic susceptibility




OR

ibili these bars will be
The difference of relative magnetic permeability and magnetic suscep tbility,for b

(8) Zero for all

(b) 1 forall

(c) -1 forall

(d) I for P and R only

SOLUTIONS-
l- Ma (e ()b ORc (v)a
2- ()b (i)a ()¢ @iv) b

3- ()a ()b (iii)d ORc (iv)b

LONG ANSWER TYPE (5 MARKS QUESTIONS)
I “Ferro-magnets are strong paramagnets”. Justify by giving 2 reasons.

Define curie’s temperature,

The susceptibility of a faerromagnetic material decreases by 20% when its temperature is raised

from 1200K to 1250K. if these are above curie’s temperature at what temperature will it fall by
50%.

2

Draw diagrams to differentiate among magnetic materials by showing the modified magnetic
field

lines when a different types of magnetic materials are placed in uniform magnetic field.
(a)Why the magnetization of a paramagnetic bar decreases when it is hammered?

(b) what is the value of susceptibility and relative permeability of a diamagnetic material.
3 A large number of thin identical bar ma

m of revolving charge,

Use yourresult to show magnetic mo quantized

ment of electron in hydrogen atom is

4 A bar magnet is kept in a uniform magnetic field. Derive the formula for torque acting on it.
What will happen if the field is non-uniform?

A bar of diamagnetic nature is left freely in a uniform magnetic field. Draw a diagram to show in

which orientation will it rest in finally. Give reason

|88 PRUR 4 VRS LI



5 A bar magnet of length /s placed r away from a coil as shown where (r>>1).

Il the magnetic ficld at the

coil midpoint due to both js same find the area of

P
Given that coil has N turns and current in it is i, :
- el r
How shall they be placed so thay magnetic field at the mid-point becomes |
zero,? Draw diagram |
Draw diagram, 4

G.ivc any three propertics to differentiate among Dia, Para &
Ferromagnetic

Materials

SOLUTIONS -

1- Refer text book
AS x=C/(T-Tc)

x=C/(1200- Tc) and0.8y= C/(1250- Tc)
0.8=(1200-Tc)/(1250-Tc) so Tc = 1000K

2- Refer Text book

(a) On hammering the aligned tiny atomic magnets start to orient them in random directions so .
component of magnetic moment along intial direction decreases.

(b) For diamagnets susceptibility is negative and low but it lies between zero and -1. For
perfectdiamagnets its -1~ -1<y <0
The relative permeability lies between Zeroand 1 0 < p, <1

3- Taking components of M along X-axis and Y-axis we see that x-components cancel out in pairs so
overall magnetic moment is sum of sine components only along Y-axis so

Miow = [2 M sind df =M

For an electron in Hydrogen atom M=-eL/2m L = angular momentum (prove vourself)

As |L| =mvr = nh/2n 0= Q23 sionsns s e E
As L is quantized so M is quantized also

4- Refer gist of chapter and prove yourself
For Non-uniform field it will feel Force and torque both

It will align normal to field to minimize its potential energy.

5- Do yourself .
Hint- coil can be replaced by an equivalent magnet.
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GIST OF THE CHAPTER
Area Vector(4) ;
An area vector is a vector whose magnitude is equal to the area of o plane and direction
is normal to the plane of the area.
Magnetic Flux @5
' | GIST OF THE CHAPTER
The total number of magnetic lines of force passing normally through an area placed in
a magnetic field, is equal to the magnetic flux linked with that arca. Net flux through the




R e

surface Qs = B2 A= BAcos0 Magnetic flux
or Gauss » cm® (1 Wb = 10 * Maxwell),
Faraday's laws of EM1

1. First law :( Cause of em
closed loop/coil.
-

is a scalar quantity. .1 unit: weber (Wh), CGS unit : Maxwell

f) The induced emf is due (o changing magnetic flux linked with the

. Sccom? law: (magnitude of emf)
The ;msin-llix::co OJ:h?c 1::céuied e,tn‘f . iAs difec\ly proportional to the rate of change of the magnetic flux. Induced
emf. o =-do/dt = (0 Q‘n»t Negative sign indicates that induced emf (£) apposes the change of flux

Lenz's Law: - This law pives the direction of indixed em |

According 10 this law, the direction of induced emf or curtert in i:’f:::d“i"‘"g“:‘ ’/,: ¥
1o oppuose the cause that produces it This law is based upon law of conservation of "n F,
nergy & ./' N’
Motional EMF Due to Translatory Motion:-
Ifthe length RQ = x (variable) and RS = |, the magnetic flux @ enclosed by
the foop PQRS will be = B 1 x Since x is changing with time, the rate of § e
change of flux will induce an emf given by: ¢ =. % = f"—':;ii-f-’ = BI %‘ | o
” N
v } 3
The inducedemf e =B1v  is called motional emf . .:# e :'
Motional EMF Duc to Rotational Motion:- Emf induces across the ends T
of the rod where v = frequency src\-olmion per sec) And T = Time period.
BwR

5 e—

Inductance is a property of an electrical conductor (like a coil of solenoid) that describes its ability (o sppose
changes in clectric current flowing through it by generating a magretic field.
Self Inductance: Self-inductance (L) of a coil is numerically equal 1o the magnetic flux (@) linked with the

coil, when a unit current flow through it. @=L ¢ =-L dl/dt, S 1. unit of self-inductance is Henry (H).
Self inductance of a long solenoid : L=po pN? Al = ps o’ Al

Energy stored in an inductor: Ur-% L1* and energy density is given by z{:
Mutual Inductance: Whenever the current passing through a coil changes, the magnetic flux linked with 2

neighboring coil will also change. Hence an emf will be induced in the neighboring coil or circuit. Thus
phenomenon is called *mutual induction’

@ =Ml ¢ =-Mdldt -2 s
St unit is henry (H). P I >
Mutual-Inductance between pairs of long Solenocid:- o AN :;ﬂ D ;
M= (ponin:Lrri®) , Mar=(psnimaLxry’) ‘ \\\\X‘S’” i
Hence Mi2=Mazy SR T

AC generator:: It is a device which converts mechanical energy into an e
eclectrical energy and generates alternating current.

{ Principle: Works on principle of electro-magnetic induction.

Construction: 1. Armature coil 2. Filed magnet 3. Slip rings 4. Brnhes

Theory: When the armature coil rotates between the pole pieces of field 4 i
magnet, thic effective area of the coil is A cos 6, The flux at any time 15, 0 = s
BA =NBAcos6=NBA coswt by Ve

| Theinduccs emfis, — T .
E=—dp di = -~ d(NBAcoswt) dt V = & = ~-NBAwsinat P




MULTIPLE CHOICT QUESTIONS
Q! Lenz's law is a consequence of the law of:

a) conservation of energy b) conservation n!‘ charge

¢) conservation of momentum d) conservation of muss

Q2 The ST unit of inductance is: .

a) farad b) coulomb ¢) weber d)'lhtlllrl)’“'

Q3 According to Lenz's law, the direction of Induced current is such tha i R

a) enhances the cause producing it (,II)) ()Ppﬂl-;icsi the (;’n(l’l:rcc (]:)'rii)mllc ng .

c) is in the direction of the cause producing it ) may be inan c ‘ i
Q4 The induced EMF is maximum when the angle between the magnetic field and the normal to the coll s;
a) 0 degrees b) 45 degrees ¢) 90 degrees d) 180 degrees

Q5 You are required to design an air-filled solenoid of inductance 0,016H having a length 0.81 m and radiug
0.02 m. The number of turns in the solenoid should léc ! 43140
a) 2592 b) 2866 ¢) 297

Q)6 Current in a circuit fal)ls from 5.0 A to 0.0)A in 0.1 8. If an average BEMF of 200V Is induced, the selfs
Inductance of the coil is:

a) 4H b) 5H ¢)3H d) 40H .
Q7 A coil of area 100 em? is kept at an angle of 30° with a magnetic field 0.1 T, The magnetic field is reduced
to zero in 10 s, The induced emf in the coil is:

a)5V3V b) 50v3 V )50V d)50.0 V
Q8 A magnetic flux linked with a coil varies as ¢ =2t* ~ Gt + 5 where ¢ is in weber and t is in second, The
induced current is zero at

a)t=0 b)t=1.5s c)t=3s d)t=5s

Q9. A coil is moved quickly out of a magnetic field, While exiting the field ,the direction of the induced
current will be such that it will: ’

a) oppose the increase in magnetic flux
¢) oppose the motion of the coil
Q10 A vertically held bar magnet is dro

b) support the increase in magnetic flux
d) support the motion of the coil
pped along the axis of a copper ring having a

L]
cut as shown in the figure acceleration of the falling magnet is: [
(a)Zero b) less than g W
©g (d) more than g (,aﬂ"""’"
¢
SOLUTIONS:
12a) 2d)

3 b) Lenz’s Law states that the direction of the induced

change in magnetic flux that produced it,
4 a)

5 b)L=yoN? A/l

6) a) e=dp/dt = Ldl/dt , L=4H

7T)a)e=dep/dt = LdI/dt

8) b) e=IR = dgp/dt , 50 if 1=0 50 %2 = 0 1=] 55

current in a conductor is such that jt opposes the

r
9)c)
10) ¢), due to cut in the ring only emf is induced not the current » 50 bar magnet falls with acceleration due 1o
gravity.

ASSERTION AND REASON TYPE QUESTIONS
QI Assertion (A): A changing magnetic flux induces an emfin a circuit.
Reason (R): The induced emf is given by Faraday’s law.
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Reason (R): This is due to Lenz’g B s opFﬁswﬂwmmlmwm i

-

& ion (A): The i : T e
Qs 2:;;:2 un(ng) L induced emf'in @ coil depends om the mte of i LR
eason (R): Mutual ind -
% ssertion (A The sl innctim op e Doty el s
urrent. =4t dcoul is @ measure of ity abifity to resist 2 ciang= v
Reas.on o When current changes in a coil, 2 back emf is induced oppesing the chang=
Q7 Assertion (A): An ideal transformer has 100% efficiency. : =
Reason (R): There is no loss of energy in the praczfng transformer due to ear, =i
currents, or hysteresis. T
Q8 Assertion (A): The care of a transformer is made of soff from and faminated.
Reason (R): This reduces eddy current losses and increases maenetic caunline.
Q9 Assertion (A): No emf is induced in a stationary coil. placed it a constant magnetic Seid
Reason (R): emf'is induced cnly when there is 2 change: it magnetic fiice linked witfc fre cail.
Q10 Assertion (A): The mutual inductance of two cails degends on their relarive orfemmsion
Reason (R): Changing the orientation affects the amount of mametic fiux linking borfz cails
ANSWERS ‘
|.B Faraday's second law states that emf induced is propenicnal to the e of cimps of megoeic fme— :
directly explaining the assertion - _
2.A Lenz’s [aw ensures the direction of inducesd current oppuses the ciange in mzeretc fux. whicks @& |
cause.
3.A Motion of the magnet changes the flux througfr the: coill. imducing currenr. ‘
4.C Motion along the field lines causes no change: ir fiuce. so no emf is induced. The: ri= s mzimum E=T
motion is perpendicular to the field. ;'
5.C The emf induced in one coil is due to change cxf'cxmezxt(amifﬁns ffix) mdeads af s =T =
quantified by mutual inductance.
6.A Self-inductance resists current changes due to the: back emf generated bv Lerzs [mwv.
7.A Inan ideal transformer. no energy losses cecur; hente efficiency = [00%
8.A Lamination reduces eddy currents and soff irom ensures siromg magmesic [inizgs fenvest cuis.
9.A A constant field implies constant flux — no-emf Emf requires changing .
10.A

SHORT ANSWER TYPE QUESTIONS , |
QL A light metal disc on the top of an electromagnet is thrawr: upr as the: carrer = swirchet or. Why™ Gee
reason. |
. ; - < the i feld el ecrmmEansr. This il
ANS- The induced magnetic fleld irr the disc repels tﬁﬁmgmﬂffflﬂm af the £ ien Tnsemiive
force between the disc and the electromagner exens ar upward force arr te dise, carsine: Ty =t
up. 7 e - g o ]
Q2 How does the mutual inductance of & pait of cails change whes distme Serwesr the cuils s imcewet |
and number of turns in the coils is increased? e i
ANS- When the distance between the coils is meze:rseil‘/hmfzi mdm-'innt':*mﬂ;& el o |
Mutual inductance M is directly proportional to the praducr of the aumberaf mms in fotf caiis. Seis ey




i ted
. d towards a metallic loop connec c
Q3 Two bar magnets are quickly move : " e
across a capacitg:r ‘C* as shown in the figure. Predict the polarity of th [§___:_.::jN S@
capacitor. . :
ANS. The north poles of both magnets are appro'cxchmi’,-_'rhe loop W‘”t opposE HHeiE sioonHefoe 1
generate a south pole on the side facing the approaching magnets, (;' ptp In a clockwise current the
induced current in the loop will be clockwise (when vn;wted fgmeg:iv?n )- el
. “e ets n .
upper plate of the capacitor gets positive and the lower p Al ) X
Q4 '{3&'0 ilzientical coilslzme of copper and the other of alumlelum are rotated wath tht‘f7 same angular speed ip
an external magnetic field. In which of the two coils will the 1.nduced ca'lrrent 2 more.t e comar
ANS- Same emf in both coils,Lower resistance in copper coil,Hence, induced current in the copper coil wijj
be more. o .
Q5 The magnetic field is perpendicular to the plane of the loop, what is the - Wy
induced current in the loop during 2 to 4 seconds.

5T) ,
ANS- As there is NO change in magnetic field during 2 Sec to 4 Sec, so L

€=0, lina=0 However emf will be induced between 0 to 2s and 4 o 6s. i
(can be calculated with the help of slope of the graph)

Q6 A coil of N tumns is placed in a magnetic field B such that B is o
perpendicular to the plane of the coil. Magnetic field changes with time as B=By cos (-77 t) where T is time

period. Calculate the time at which emf induced in the coil is maximum.
P 2 o (2T =N e
Ans: e=— | 2t - BoxA sm(T t) e=N o

0 2 i 6 g

dt 7

Magnitude of EMF is max when sin(z;_—’r t) =1

This oceurs when , ¢ =L, 32 eSO t=T/, 3T/4, ST/ .......
Q7 Derive an expression for the self inductance of a section of a long solenoid and hence show that self
inductance is proportional to the square of number of turns per unit length.

Ans: For a long solenoid, the magnetic field inside is:

B=ponl , O=B-A=ponl A Total flux linkage for N turns:

NO=N(pon I'-A) But N=n x L, » 50: Total flux ® =nL.pon1 A

O=LI=pn® All,

Self inductance L =pon? A1 so Lg n? .
Q8 In the given figure, X is a coil wound over a hollow wooden pipe. A

X
v
permanent magnet is pushed at a constant speed v from the right into the pipe \\\\E‘@:
and it comes out of at the left end of the pipe. During the entry and the exit
1

of the magnet. What will be the current in the wire YZ. (draw it
diagrammatically)

Ans: Zto Y and then Y to Z by using Lenz law. Yy
Q9 Define mutual induction and derive the formula of coefficient of mutual ‘

inductance between two coils.

Q10 Explain how Lenz’s Law applies when a metal rin
increasing upwards. What will be the direction of the
magnetic field?

Q11 Figure shows a rectangular conductor PSRQ in which movable arm

g is dropped into a region where a magnetic field is
nduced current in the ring as it comes closer to the

X x X XI X X X X x
PQ has a resistance ‘r’ and resistance.: of PSRQ is negllglble. What are Ix o= -
factors on which the induced emf will depend magnitude when PQ is xhe e x x % x [k x
i g o
moved with velocity v. calculate its magnitude also. xx x x x 2 lk x
Ans:.The induced emf depends on magnetic field, velocity , length of x [x x x x_.x x llx x N
conductor PQ. Its magnitude will be given by e=Bvl. x xRy o o x 5
—X—




SHORT ANSWER TYPE
. . o = ‘l l’ “ ?" ; I‘
| Two concentric circular coils, one of smalj radius r, iy o

Y . g : and the other of large radius rz, such that JEa
Plsciedsf;;aiﬂgl:x}] centers coinciding, Obtain the mutual inductance of the arrangement.
‘ii) [dentify the machine in the given figure,
iif) Identify the parts P, Qand R of the machine
iv) Give the polarities of t'he magnetic poles.
v) Write the two ways of m.creasing the output voltage,
Ans: 1) Lenz’s law- The polarity of induced emf is such that it tends
o produce a
current which opposes the change in magnetic flux that produced
::) AC generator
iiiy P — Slip rings - Q — Carbon brushes  R- Armature coil
v) Left side of the magnet is North & right side is South or vice-versa,
v)write any two :
By increasing the number of turns in the armature coil.
By increasing the speed of rotation of the armature coil.
By increasing the strength of the magnetic field B,
Q3 Fig . shows, a rectangular loop PQRS, where PQ is free to move

with velocity v. A uniform magnetic field acts | to loop. Assume PQ N RS Al | SU S
has resistance r, obtain expression for & B [PTETE ; "
(i) current (ii) force (iii) power to move PQ. 3 SO

Blv . v vz 4 l d ‘ e e AT T ’"‘: e 1‘
Ans: (i) 1= = (i) F=B? lZ_r. (iii) P=B? |2 = o B s g om u ul

Q4 A rectangular wire loop of sides 8 cm and 2 cm with a small cut is moving out of a region of uniform
magnetic field of 0.3 T directed normal to the loop.

(i)What is the emf developed across the cut if the velocity of the loop is | cms™ ina
direction normal to the (a) Longer side (b) Shorter side of the loop?

I Y X ox X LI S S | v lemvs
5 - [...., ,
x X X L R
L y=lcn/s

Ans: (a) longerside: € = Blv=24X 10" V , T=b/v=2seconds

(b) shorter side: € =0.6X10*V , T= /v = 8seconds
Q5 Figures shows an arrangement by which alternatively current flows through coil A and B is placed near A
and connected to a bulb X.
Now explain the observations with reason coilA col B Bulb (X)
(i) When the switch S is closed the bulb lights up. Why?
(ii) What happens to the brightness if an iron rod is
__inserted in coil A.
(1ii) What happens to the brightness if a copper plate is inserted in the gap between the coils?
Ans: (i) Due to mutual induction

(ii) Brightness decreases as the induced current decreases .

(iii) Brightness decreases due to production of induced current set up in the copper plate

which opposes passage of magnetic flux.




.

ing through the coil
: is i dent of flux and current passing ‘
i self inductance is indepen YT 3 g Pia
ngsg?;vall;::-tcg? g:‘:fer:trc;ial circuit(see figure) Calculate the potentm! cilfterence Va- Vi at the instant When
i ' nts
current of i=2A is increasing at a rate of 1A/second and in between pol

—b (| B
A IH 5V 2Q2
Ans: VA-L:—i-S-2x2=VB Va- V= 10V

: s -
Q8 The magnetic flux linked with a coil in Wb is given by the equation ¢=5t* +3t+16 . Calculate the
magnitude of induced emf in the coil at the fourth second.

Sol: e= ':t——l()t+3 emfin 4" sec is eg-e3=43V-33V = 10V

Q9. Calculate the self-inductance of a coil using the AC Source DC Yource
following data obtained when an AC source of frequency SNo.] ¥ (Volt) | 18 S.No. | V(Volts) | 1(A)
-2% Hz and a DC source is applied across a coil. AT 0.6 1 1.0 1.0
Sol: When DC is connected there will be only resistance | o | aa | 14 2 | 60 |16
and when AC is connected then there will be both 3 | s ;ﬂ
inductance and resistance(Z). - 29 LS

From the table Z =6 Q and R= 4 Q
SoZ=JR*+XZ  s0Xi=v20 =2VE =~ 450 Xi=oL,L=4.52nv soL=11 mH

LONG ANSWER TYPE QUESTIONS
Ql. (a) Define mutual inductance and write its SI units.

(b) Derive an expression for the mutual inductance of two long co-axial solenoids of same length wound one
over the other. '

Q2. (a) Draw a labelled diagram to explain the principle and working of an A.C. generator. Deduce the
expression for emf generated. (b)Why cannot the current produced by an A.C. generator be measured with a
moving coil ammeter?

- Q3 a) State Lenz's law. Give one example to illustrate this law. "The Lenz's law is a consequence of the
principle of conservation of energy." Justify this statement.

b) A long solenoid with 15 turns per cm has a small loop of area 2.0 cm? placed inside the solenoid normal to
its axis. If the current carried by the solenoid changes steadily from 2.0 At0 4.0 A in0.] s, what is the induced
emf in the loop while the current is changing? ;

Ans: b) Magnetic field , Bpioni %2 = 1 ,S=20 Afs 2377102 T/ and induced emfis
e=7.54 uv

CASE STUDY BASED QUESTIONS

1. EMI is defined as the production of an electromotive force across an electric conductor in the changing
magnetic field. The discovery of Induction was done by Michael Faraday in the year 1831, Electromagnetic
induction finds many applications such as in electrical components which includes transformers, inductors,
and other devices such as electric motors and generators.
Alternating current is defined as an electric current which reverses in direc.tion periodically.
In most of the electric power circuits, the v.vavef‘orm of alterr_latmg current is the sine wave.
1. How to increase the energy stored in an md‘uc.tor by four' times?

(a) By doubling the current (b) This is qot possible .

(c) By doubling the induc.tance (.d) By_makmg c1'1rrent 2 times
II. Consider an inductor whose linear d.|mensmns ;1re tripled and the total number of turns per unit length is
kept constant, what happens to the self-inductance?




@) 7 wiwmie= (D) 3 times
(11 Lenz law is based on which of the fo]]q

(a) Charge (b) Mass
jv. What will be the acceleration of the
quch that the ring is held horizontally and the b
(a) It depends on the diameter o
(b) equal due to gravity
(c) Itis less than due to gravity
(d) It is more than due to gravity
7. The emf induced across the ends of g conductor due to its motion in a
magnetic field is called motional emf; It js produced due to the magnetic 3
Lorentz force acting on the free clectrons of the conductor. For a circuit f U"‘?"f“ v constant
shown in figure, if a conductor of length 1 moves with velocity v in a 4
magnetic field B perpendicular to both its length and the direction of the T
magnelic ficld, then all the induced parameters are possible in the circuit

- (©) 27 times (d) 13 times
Wing conservatijon
(¢) Momentum

1. Direction of current induced in a wire moving in a magnetic field is found using

(A) Fleming's L Hand rule (B) Fleming's Right hand
(C) Ampere's rule (D) Maxewell’s Thumb rule

IL.A bicycle generator creates 1.5 V at 15 km/hr, The EMF gencrated at 10 km/hr is
(A) 1.5 volts (B) 2volts (C) 0.5volts (D) I volt

I1I. A 0.1 m long conductor carrying a current of 50 A is held perpendicular to magnetic field of 1.25 mT. The
mechanical power required to move the conductor with a speed of I m s™' is

(A) 62.5 mW (B) 625 mW (C) 6.25 mW (D) 12.5 Mw
IV. A conducting rod of length is moving in a transverse magnetic field of strength B

with velocity V. The resistance of the rod is R. The current in the rod is.
BVI B2yiL?

(A) BVI (B) Zero © = D) —

3. Faraday’s law of electromagnetic induction, also known as Faraday’s law is the basic law of
electromagnetism which helps us to predict how a magnetic field would interact with an electric circuit to
produce an electromotive force (EMF). This phenomenon is known as electromagnetic induction. Faraday’s
Experiment: Relationship Between Induced EMF and Flux. In the first experiment, he proved that when the
strength of the magnetic field is varied, only then-current is induced. An ammeter was connected to a loop of
wire; the ammeter deflected when a magnet was moved towards the wire. In the second experiment, he proved
that passing a current through an iron rod would make it electromagnetic. He observed that when a relative
motion exists between the magnet and the coil, an electromotive force will be induced. When the magnet was
rotated about its axis, no electromotive force was observed, but when the magnet was rotated about its own
axis then the induced electromotive force was produced. Thus, there was no deflection in the ammeter when
the magnet was held stationary. While conducting the third experiment, he recorded that the Galvanometer
did not show any deflection and no induced current was produced in the coil when the coil was moved in a
stationary magnetic field. The ammeter deflected in the opposite direction when the magnet was moved-away
from the loop.
l. According to Faraday’s law, EMF stands for

a) Electromagnetic field  b) Electromagnetic force

c) Electromagnetic friction d) Electromotive force o .
IL. As per Faraday's laws of electromagnetic induction, an e.m.f. is induced in a conductor whenever it

a) Lies perpendicular to the magnetic flux

b) Lies in a magnetic field




¢) Cuts magnetic flux

d) Moves parallel to the direction of the magnetic field
1. For time varying currents, the field or waves will be

a) Electrostatic b) Magnetostatic  ¢) Electromagnietic | dj Elecirieal
- IV. Find the displacement current when the flux density is given by (* at 2 seconds,
| 2)3 b) 6 ¢ 12 dy27
OR
Which of the following statements is true? _ ;
) E is the cross product of v and B ) B 1s the cross product of v anid )
€) Eis the dot product of v and B dy B 1s the dot produet of v and £

4. The migratory birds’ pattems are one of the mysteries in the field of scietice, Por example, ey Wiinet
| birds from Siberia fly unerringly 1o water spots in the Indiun sub- continent, There has besti 4 suggestion it
electromagnetic induction may provide a clue to the migratory patterns, The earth’s magnetic field bas eistod
throughout evolutionary history. It would be of great benefit to migratory birds (0 use thiy ficld o detetinine
the direction. As far as we know birds contains no ferromagnetic materials, S, electromagnetic induction
seems 10 be the only reasonable mechanism to determine the direction, Consider the optimal case where the
magnetic field B, the velocity of the bird v and two relevant points of its anatomy separated by a distance 1,
- all three are mutually perpendicular. From the formula for motional emf i.e., £=Blv  Certaisi kinds of fishes
| areable to detect small potential differences. Hoviever, in these fishes, special cells have been identifiod, This,
the migration pattemns of birds continue to remains 4 mystery.

L. An emf'is produced in a coil, which is not connected 1o an external voltage source, This can be due 19
(2) the coil being in a time varying magnetic field
(b) the coil moving in a time varying magnetic fisld
(c) the coil moving out of constant magnetic field ;
{d) All of the above

1L A circular coil expands radially in a region of magnetic field and no electromotive foree is produced in the
coil. This can be because
(2) the magnetic field is in the same plane as the circular coil and it may or may s vary ‘
(b) the magnetic field has a perpendicular (to the plane of the coil) component whoss magnitude is
decreasing suitably.

(<) there is constant magnetic field in the perpendicular (1o the plane of their coil) direction.
(d) Both (2) and (b)

HL A migratory Siberian bird is flying in the sky with a velocity of 10 mis and the distance between two

feathers is 2 cm. The earth’s magnetic field B perpendicular 1o the feather i5 4 % 107 T, Then emf genersted

between the two feathers is

(@4uv (b 61V (c) v (dj 10 v
OR
An airplane having 2 wing span of 35 m flies due north with speed of 90 mfs, given B = 4 X 197 T, the
potential difference between the fips of the wings will be
(2)0.126 V (by1.26V {©)126V (d)o013 v
IV. A moving conductor’s coil produces an induced emf. This is in accordance with

(z) Lenz’'s Law  (b) Coulomb’s Law (c) Faradzy’sLaw  (d) Amipere’s Law




SYLLABUS: Alternating curre;
impedance; LCR series circuit (p}
AC generator, Transformer,

fepresented as | = Ig sin wt,
allemaling voltage (oremf) is V =
L OeS—

CHAPTER-7

Alternating current and voltage: A signal changing i

: ALTERNATING CURRENT
Peak and RMS value of alternating current/voltage; reactance and
1350rs only), resonance, power in AC circuits, power factor, wattless current.
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ts values periodically is called an alernating signal, &

Vo sin wt




MEAN A‘ND RMS VALUE OF ALTERNATING CURRENTS

¢ 7¢r0, 70!‘
The mean or average value of alternating current over comp et eyl ard:
half cycle it’s value is given by

awlf v mm: 6 V()
(mean Jhalf cycle =22 = 0,636 lo Vawy for half cycle == = 0.03
An ammeter or a voltmeter read its Root Mean Squaré value a9

lms =2 =007l Vime =% =0.707 Vo ,
V= Vo sin ot then current is | = lo sin (o + ®) where @ is the phase difference between voltage and cutren,
The average power loss over a complete cyele is given by,

P =Enmms Ims cos @ where cos @ is called the power factor

Purely resistive circuit,

(1) Current ;i = {ysinwt *J/;/,
(2) Peak current : {; = ‘-:'(l / ;
(3) Phase difference between voltage and current @ ¢= 0°
(4) Power factor : cos p = 1 @
(S) POWET 1 P = Vsl = L2 I B
(6) Phasor diagram : Both are in same phase
/
Purely Inductive Circuit (L-Circuit) i
(1) Current : i = iy sin (wt - %) !
(2) Peak current )
i0=%=£f);=2;(:¢ V =V, 0 ti,4

(3) Phase difference between voltage and current @ = 90° (or + g)
(4) Power factor : cos ¢ = 0

4 ] ¥
(3) Power dissipated : P =0 - "
(6) Phasor diagram : Voltage leads the current by% / p

¢

Purely capacitive circuit —{}—
(1) Current : { = [y sin (wt + -7-;-) !
(2) Peak current iy = -Zic = VowC =V, (2nv() @
(3) Phase difference between voltage and current ¢ Vo= Vysinam,

¢ = 90° Power factor: cos g = 0

i
(4) Average Power : Puyg =0 I 2@
(5) Phasor diagram : Current leads the voltage by 72

Scries LCR circuit
Voltage V = V, sinmt,

Phasor dvagram




—

1= losin (Wt + @) | where

(2) tan D= (Xi- Xc) /R

(3) The average power loss oyer
where, the term cos @ jg called th

(4) cos D= R/ JR* 4+ (X, Tx 37 )

(5) If net reactance fs inductive; Circuit behgyeg 5 LR cirey

(6) If net reactance IS capacitive: Cireyig behave ag (3[( c-ircg;:

(7) If net r‘cac.'tﬂncie l.b oy Mci"ls )'(1‘ “Xe =X = Xc . This is the condition of electric resonance

(8) At resonance (serics resongng ¢ireuit) ]

(i) XL = Xe= Zuin=R e, circuit bely;

(i) VL= Ve= V= Vgic whole appli

(iii) Phase difference : ¢ = o =power factor = ggg ¢ =
(iv) Power consumption P = v, |

(v) These circuits are used for current amplification and as tuning circuits in wireless telegraphy.
(9) Resonant frequency (Natural fy equency) : At resonance Xy, = Xc = woL= ;-—1-
@y

= wlL = ‘]z OR, woL=L \/I (Resonant fre ' : resistance of the circuit)
Lc 2m4[LC quency doesn't depend upon the resistance of the ci

(10) Watt less Current

The component of current which does

dissipation is called watt Jess current,

(i) The average of component of watt Jess component over one cycle is zero

(ii) Amplitude of watt less current = lo sin and r.m.s. value of

walt less current= Iy sind= I sing/y/2

Transformer:-

Itis a device which Increase or decreases the voltage

or current in ac circuits through mutual induction, o B

It does not work in DC circuit.

Principle: It is based on the principle of mutual induction.

Working: When an alternating voltage is applied to the primary coil , 4

magnetic flux linked with it changes which links to the 4 )

secondary coil and induces an emf in it due to mutual induction.

lo=vyz,

not contribute to the average power

Efe i1, i
=
Py = 1 & € 1, " T
“. @
TLr RSN
AC. Pl s RSOUTHRUT : E115 y100
<7ﬁ4. ‘ﬂ At ghatx 4
wauflmwni

Types of transformer: Step-up Transformer: Ns> Np. It increases voltage
and decreases current. Transformation Ratio must be greater than 1.

Step-Down Transformer: — Ns< Np; It increases current and decreases voltage. Transformation Ratio must
be less than 1.

From Faraday’s laws the emf induced in the primary coil

AP 2
. 1 PRI =S ———
Ep=-Np%¢:- ~—-(i) also for secondary coil &s=-N; i -(ii)
I - N . v re
ey T =k (transformation ratio) ---------=(iii)
(7 Np
For

; = S 1Y,
ideal transformer input power = output power = ¢plp = &l (iv)



Ry oquation (i) and (iv)

R .
IDhonzy Tosses i transtivine

(2 Copper loss (i) Hysterests loss. (i) Flux leakege (v) Huniming losses (v) Bddy cutrent loss

QU A vesistance "R drws power T when vonnected to an AC sowee, I n inductance is now placed in
series With the resistanee, sieh that the impedanee of the elivnit becomes 'Z\ the power drawn will be
w2 el ©P (@ P
Q2 To raduee the resonant fhequency inan L=C-R series ¢iveuit with a generator
(@) the generator fegquency should be reduced
(1) another capacitor should be added in parallel to the first
(©) the fron core of' the inductor should be temoved
(d) dielectrie in the capacitor should be removed
Q3 Average value of A.C voltage tor positive hatl'eyele is [ Vo is its peak voltage]
(@) #er0 (1) VoN'2 ©) 2V nt (d) Vo

Q4 Analternating current in w eiveuit is given by 1= 20sin (100m t +10.051 )A , The r.m.s value of current
Qs frequency respectively are

W I0A R 1001z (B) 10 A & 3011z

x

(€) 10V2A & 50Hz  (D)20 V2A & 100Hz
Q3 Inan ideal transformer, the no. of turns of primary and secondary coil are 500 and 400 respectively. If
7 ]

220 V is supplied 10 the primary coil, then ratio of currents in primary and sccondary coils is
(A)4:3 B)35:14

(©)s5:9 D)9:5
Q6 The power factor of LCR circuit at resonance is

(A\) 0.707 B)1 (C) Zero (D)0.5
Q7 Atresonance frequency in an A.C circuit containing L, C and R in series

(A) The voltage and current will be in same phase,

(B) The voltage will lead the current

(C) The voltage will lag behind the current,

(D) Phase difference depends on peak voltage of source

Q8 A voltage v=vesin wt applied to a circuit drives a current i=i, sin (Wt +¢) in the circuit. The average
power consumed in the circuit over a cycle is

a) Zero b) 1o Vo COS ¢ ¢) o Vo /2
Q9 In the case of an inductor

(n) voltage lags the current by n/2
(¢) voltage lags the current by /3

d) (io vo cos @) /2

(b) voltage leads the current by /2

(d) voltage lags the current by /4
Q10 A power transformer is used to step up an alternating e.m.f. 0220 V to 11 kV to transmit 4.4 kW of

power. If the primary coil has 1000 turns, what is the current rating of the secondary? Assume 100%
efficiency for the transformer
@4A (b)04 A (c) 0.04 A (d)02A

Q11 An inductor, a capacitor and a resistor are connected in series across an ac source of voltage. If the
frequency of the source is decreased gradually, the reactance of :

(a) both the inductor and the capacitor decreases.
(b) inductor decreases and the capacitor increases,
(¢) both the inductor and the capacitor increases.
(d) inductor increases and the capacitor decreases.

—__—'_%
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ASSERTIO
y Assertion: o pure resistive eireyi, voltpe ang ¢
Reasont In resistors, energy is “l“‘"l“\lcly‘qom ¢
Assertion: Inanideal LC cireuit, the
Reason: There is no energy loss in anideal LC cireut
H . N S T, | ", "

Assertions Inan LCR eireuit ay resonance, the impedane
Reason: Atresonance, the inductive and capacit bedance is minimum,
\ssertion: The average power o Pacitive reactance cancel each other.
Q4. ASS BC POwer consumed in a pure indy lve elre

Reason: In  pure inductive eireuit, the eyppe t leads ehvo-clicull ld zera,

s Assertion: The power fuctor § it eudls the voluuge by 9¢°

Qs. Assertion: FHE POWEr fnclor ina purely capacitive cireuit fs zero

chsmi" In Iﬂ Cﬂl’il\cgl\"c cireutt, the current leads (lye voltape l;)r ‘)b"
%. Assertion: Inan AC circuit containi —
Q6. ASSE . Canacilors offr aining only a capacitor, current lags the voltage by 90°

Reason: Capacitors offer no resistance to A ¢ current

Assertion: The power consumed i Y it e

Q7. Asse 4 | wer ned in an AC eireuit is given by P=Vyws lens cosd

Reason: The product Vims Inms gives the apparent power,
Q8. Assertion: The voltage across the inductor leads (he current by 90°

Reason: The induced emf'in the inductor opposes the change in current.
Q9. Assertion: 1 he quul.:ly factor of un LCR series cireuit increases with increase in resistance,

Reason: Higher resistance causes sharper resonance
Q10. Assertion: In a transformer, higher value of alternating voltage can be converted into lower voltage

and vice versa,

Reason: A transformer works on the principle of electromagnetic induction.

ANSWERS

- 2-A 3A 4-C 5-A 6D 7-B 8B 9D 10-B

LREASON TYPE QuisTIoNs
\

urrent are fn the sume phase,

| ‘ d ang released,

2 current oseillates imlcl‘mllcly.

03,

VERY SHORT ANSWER TYPE QUESTIONS

Q1 Explain why current flows through an ideal capacitor when it is connected to an ac source but not when it
is connected to a de source in a steady state.

Ans: In DC, X, is infinite. :

Q2 Draw the graphs showing variation of inductive reactance and capacitive reactance with frequency of
applied ac source, '

Ans: General concept and shapes.

Q3 Prove that an ideal capacitor in an ac circuit docs not dissipate any average power.

Ans: Py, is propotional to cosg and @ is 90° so average power dissipated is zero.

Q 4 In a series LCR circuit, obtain the condition under which the impedance of circuit is.minimum as well as
explain its one practical use. .

Ans: X1.= X, to get maximum current in any circuit. o _

QS Mention any two characteristics properties of the material suitable of making the core of transformer

Ans: Mention any two.

Q6 Define ‘quality factor’ of resonance in series LC

Ans: Write definition , no unit and dimensions.
’ ‘ ; , ins. The bulb glows with some brightness
Q7 A bulb an inductor are connected in series to the ac mains. l“.hc WS ‘ ghtness,
B and an induct gnetic slab is introduced in side the inductor,

How will the glow of the bulb change when a parama
Ans: X|. increases so brightness decreases,
Q8 A transformer has 50 tunes in the primary an

supply. what will he the voltage across the SecOndary? e e

R circuit. What is its SI unit,

d 100 in the secondary. If primary is connected to 220 V DC




Ans: Transformer does not work on DC.

SHORT ANSWER TYPE QUIGS’I‘ION?( ook e T e
QIA sinusoidal voltage is applied to an electric cireuit containing element X in
voltage by g

(@) Identity the circuit

(b) Write the formula for its reactance. . . —

(¢) Show graphically the variation of this reactance with f:qu.llCI\Ly ot: Ia.c Y?lqtf’d (i) a de ircuit
(d) Explain the behaviour of this clement when it is used in (i) an ac circuil, @

Ans: a) Capacitor

I\

<)
Fve\u-nrﬁ (v) ?

(d) (i) For ac Xc is finite and therefore allows the ac to pass. For dc Xc is infinite and therefore does not
allow the dc to pass.

2. With the help of a suitable phasor diagram, obtain an expression for impedance of a series LCR circuit,
connected to a source v = vg sinwt.

Ans : Refer textbook and gist above

3. Find the condition under which a series LCR circuit could draw maximum power from an ac source.

Name the factors at which this characteristics frequency depends. Draw the frequency response curve for
such a circuit.

Ans: refer textbook (Resonance in LCR circuit)
4. A series CR circuit with R=200Qand C=

50/z pF is connected across an ac source of peak voltage V=
100V and frequency v = 50 Hz. Calculate a

) impedance of the circuit(Z) b) phase angle (¢) and c) voltage
across the resistor. '
Ans: Z*=R2+(1/2 7t vC)? = 200v2Q |
cos9=R/IZ=1Z , ¢=45° '

V across R = RV/Z = 50V2 V -
5. An ac source v = vy sin ot is connected across an ideal capacitor. Derive the expression for the
flowing in the circuit, and (ii) reactance of the capacitor, Plot a graph of current i versus wt.

Ans : refer textbook .

6. A series combination of an inductor L, a capacitor C and a resistor R is connected across an ac source of
voltage in a circuit. Obtain an expression for the average power consumed by the circuit. Find power factor
for (i) purely inductive circuit, and (ii) purely resistive circuit.
Ans: refer textbook
7.A resistor of 30 Qand a capacitor of 250/r uF are connected in series to a 200 V, 50 Hz ac source.
Calculate (i) the current in the circuit, and (ii) voltage drops across the resistor and the capacitor. (iii) Is the
algebraic sum of these voltages more than the source voltage ? If yes, solve the paradox.
Ans: Xc=1/0C =40Q , Z*=R?+ X ,Z=50Q ,-
[=200/50 = 4A
V&=IXe=160V , VR=IR=120V
The algebraic sum of the two voltages Vg and VC js 280V, w
200V. This paradox can be removed by considering impedan
of phase by 90°, therefore /7 71 Vi V2, V=200V This is

(i) current

hich is more than the source voltage of

ce triangle because VR and Ve are out
equul to the Souree valtana




series LCR circuit with R =200 [ =
2;r.chuency. What is (i) the amplitude of lhezctllr?e’:i - 59‘ e e 108200 it
one complete cycle, at resonance? » and (ii) the average power transferred to the circuit in
i) Cal culate the potential drop across {he Capacitor

Ans: ([) At resonance Z=R SO |=V/R Imu=]0A and | =] '\/—_

Average power transferred to the circuit i let oyelo ot rose

_ 1 _ _ N one complete cycle at resonance : P=12,,R=2000W
o=y 100radls, Xe=l/oC | Vet Xe=2000v

LONG ANSWER TYPE QUESTIONS

Q1 i) Write the prmcxple. of working ?f anac generator. Draw ts labelled diagram and explain its working.
A resistor of 400Q , an inductor of (:—r) Hand aca

v=140 sin (100m) t V. Find the rms volta

; 50 C .
pacitor of (-;) ul’ are joined in series across an ac source

) 8¢s across these three circuit elements. The algebraic sum of
thcs_c voltages_:s more than RMS voltages of source. ExplainAns: from the equation V=100V so,
lm\s"‘vnns/Z ’ Z_SOOQ, SO lrms=0.2A hence VR=SOVg VL=IOOV and VC=40V

The algte.brallc sum of voltages is more than the rms voltage of source because voltages across R, L and C are
not in phase. y

Q2 i) Name the device which can increase alternating current or voltage without increasing electric power.

Write the princ.iple of working of this device, Explain why it cannot be used for same purpose when direct
current source is used?

ii) An ideal transformer is designed to convert 50 V into 250 V. It draws 200 W power from an ac source

whose instantaneous voltage is given by vi =20 sin (100mt) V. Find
Rms value of input current

Expression for instantaneous output voltage
Expression for instantaneous output current

Ans: Transformer , EMI , Flux change Zero. I,s=7.07A
Py=Vplp, s0 Ip=20 V2 A, Vo=100 sin(100mt) V , Io=4sin(1007t) A

Q3 Find the condition of resonance in a series LCR circuit connected to a source V=Vp, sin wt, where w can
be varied. Give the factors on which the resonant frequency of a series LCR circuit depends. Plot a graph
showing the variation of electric current with frequency in a series LCR circuit.
Ans: General concept and direct graph

Q4 i)Describe the construction and working of of a transformer and hence obtain the relation for (}’;) in terms

of number of turns of primary and secondary.
ii Discuss the main causes of energy loss in a real transformer.
Ans: Direct question , see answer from the gist .
QS i) you are given three circuit elements X , Y and Z. They are connected one by one across a given ac

source. It is found that V and [ are in phase of element X. V leads I by g for element Y where 1 leads V

by 1—2! for element Z. Identify elements X,Y and Z.
ii) Establish the expression for total opposition offered to circuit when elements X, Y and Z are connected in
series to an ac source. Show the variation of current in circuit with the frequency of the applied source

when only Y & Z are connected in circuit. v L L .
iii) In a series LCR circuit obtain, the conditions under which impedance is minimum, justify why circuit

becomes purely resistive at resonance? : )
Ans: i) XI-)resis);or Y-inductor  Z-Inductor ii) Deduce expression for Z . Graph for LC

combination circuit. iii) Condition of resonance , Xe=X. s0 Z=R




\)

-—-——-_‘
hature (qualitative idea only

CHAPTER-8: BLECTROMAGNETIC WAYES

YLLABUS: Basic ideq ol'displucement current, Blectromugnetic waves, (helr cliaracterlstles, (lmﬁf Ifitis g4
). Blectromagnetle spectrum (radio waves, mictowives. lifrared, Vlstbfy,

ultraviolet, X-rays, gamma rays) including elenentary fiets about thelt uses,

MIND MAY

s bt

‘ DISPLACEMENT CURREST J J

Madlfled Amprere’s (uyy |

Produced by changing electrie field The soitiee of nmgietie |
o ,,."(.‘_’ff’,)..,/ field is' coticdiiction f
MI\“I\“\\\ T (i citttetit due tor Howing
" axwell's equations . - el e,
p— | e tale of ehange of |
7 ELECTROMAGNETIC ™ electrie field [
e, WAVES iy
E.d‘ = e Kﬁ J " ' I'."./ f/ “.‘-‘/ F £ --r.-»-,.‘.atm: {
I 60 4""”.. - TMWﬁM ¢ ’/ ¢ 0 (// !
JD‘(L:{ =0 )}
- i Low nie EM waves P
s dO prodieed? "f"l’("”‘-’“ of
[ Budi = i, Htiy ~—E S fiM wirves
dt |

1.D0G§ o feqiiifd o

Eo/Bo=C = 3x10° mis .

Travels with speed(c) = T:ﬂi
in free space.

Both Eand B are also

perpendicular to the directlon
of wave propagation

\ o’ 5. Ultraviolet : o

Produced by aeeelerating or

oscillating clurges only, tedittn for (heis

propagalion

2.Does 110! get deflected by
electeic or magnetic field
e T T m— LE uud B lins zeto phase
diffetetice but are mtuafly
petpeidiculat (o cach

; e oflier.
EN spectrum and its order 4. Motietstun delivered

The classification of FM wives wlhiet wave is complefely
according to fiequency is the absotbed by the surface :
electromagnetic spectnu, p=Ule where U is the total
EM spectium in order of Incteasing etietgy transletred 1o (lie
fiequency and dectensing stitface
wavelength, S, totmentun frausferred

L. Ridlo Waves is p=2U0¢ when wave is

& Mlioro Wavss cotpletely reflected by 1l

3. Infrared e

Y, 4 Visible stufiice, |

6. Xeriays
7 Gamma Rays




GIST OF THE CHAPTER

jent Current: -If the

re eXists an eleetric o
placent Celric current as well us ¢ i sric
)is s o . well as changing electric
I eld, results magnetic field & cause displacement current g1

d
o) =

,,,pcrc-Cerunal Law was modified called as Ampere-Maxwell Law.

3 rdy
f B.dl = pyic + pygy (“%)
1 ay » P s t . ¥
Elcctronﬂ“—’“e“c Waves: - The electromagnetic waves are those waves in which there are sinusoidal

yariations of electric and maggetic field vectors 10 right angles 1o each other as well as at right angles 10
(he direction of wave propagation. (i.e., electric current and magnetic fields vary with space and time.)
Transverse nature of clectromagnetic waves: - Electric and magnetic ficlds oscillate sinusoidally in space
and time in an electromagnetic wave. The oscillating electric and magnetic fields, E and B are perpendicular
0 each other, and to the direction of propagation of the electromagnetic wave, '
, Conduction current & displacement current are the same.,
, Conduction current arises due to flow of electrons in the conductor.
» Displacement current arises due 1o electric flux changing with time.
Ip = &0 d@g/dt

So, A

> Maxwell’s equations

Gauss's Law in Electrostatics ¢ E.dS = Q/eo

Gauss’s Law in Magnetism  § B~.dS=0

« Ampere’s — Maxwell law  [B™.dl = pol + pogo d@ /dt

» Electromagnetic Wave :- The wave in which there are sinusoidal variation of electric and magnetic fields
at right angles to each other as well as right angles to the direction of wave propagation. * Velocity of EM
waves in free space: ¢ = 1/\fpo€,=3x10% m/s

> The Scientists associated with the study of EM waves are Hertz, Jagdish Chandra Bose & Marconi.

» EM wave is a transverse wave because of which it undergoes polarization effect,

» Electric vectors are only responsible for optical effects of EM waves.

» The amplitude of electric & magnetic fields are related by E/B = ¢

7 Oscillating or accelerating charged particle produces EM waves.

> Orderly arrangement of electromagnetic radiation according to its frequency or wavelength i
clectromagnetic spectrum.

> A self made easy Acronym to memorize the electromagnetic spectrum in decreasing order of its frequenc,

Gandhiji’s X-rays Used Vigorously In Medical Rescarch

Here the first of each word indicates: G- gamma rays , X- rays , Ultraviolet rays ,Visible rays , |- Infrare

~ radiations , M- Microwaves and R- Radio waves

~ EM waves also carry energy, momentum.
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Type | g E Produetion Deteetlon [ Unes
| E g
Radio | 5x105 S0, Rupld nceelertlon | Recelver's I radlo ‘ﬂlld televlsion
wive | s (o and de- | nerluls communiention systenm,
§ L acceleratlons — of In pacdio wstronomy,
7, clectrons In
: aerinly/antenny, ) R e
Micro | 10 O.0m | Klystron value or | Polnt contiel I radar Systems,
wave | Hz 1o to magnetron value, | diodes, In long distance communication
§ |(”2 l""" ﬂ}’filcnm.
1z In microwave ovens,
Infrar | 10' | Vibration of atoms | Thermopiles | In remote control of TV or VR,
ed [ Hz to]| to | and molecules, Bolometer, | In Green House,
5% 700n Infrared In haze Photography,
oM m photographic | Treatment of muscular
Hz film, complaints,
Visibl | 4x10™ 1 7000n | Electron in atoms | Human  eye | 1t Provides us the Information of
e Hz, m to | emit light  when | photocells, the world around us,
Light | to 400n | they move from one | photographic | It can cause Chemical Reactions,
7210 | m energy level to a | film,
Hz lower encrgy level,
Ultra- | 10'0 400n | Inner shell | Photocells, In food Preservation,
violet | Hz m 1o | electrons in atoms | photographic | In the study of invisible writings,
to Inm | moving from one | film, forged documents and finger
10" energy level to a prints, ‘
lower level, In the study of molecular
structure,
X- 10" [ 1nm | X-ray tubes or inner Photographic | In medical diagnosis,
rays | Hz to 10" | shell electrons, film, Geiger | In the study of crystals structure,
1o 3 hm tubes, In engincering,
10" lonization In detective departments,
chamber, In radio therapies,
Gam | 10" | <107 | Radioactive decay | Photographic | In radio Therapy.
ma Hz to | nm | of the nucleus, film, Gelger | In manufacture of polyethylene
rays | 10% tubes, from ethylene,
Hz lonization To initinte  some nuclear
Chamber reactions,

To preserye food stuff,




QI~T0 dissociate an oxXygen molecule j ICE QUESTIONS
frequency ,Of‘he appropriate electromagnetic radiati v eV of energy is required. The minimum
(@)visible region.  (b) infrared regjon, (c) ultravioleotnrcm‘aChl
. Thet : Abd ion,
Q2 The given diagram exhibits the relationship b%:tw F
wavelength of electromagnetic waves and the energy ofc(;wlll :hc i
10ton

associated with them. The theee points P,Q and R matked P
diagram may correspond respectively (o d on the

a)X-rays, microwaves, UV radiation

b) X-rays, UV radiation, microwaves Q

c)UV radiation, microwaves, X-rays >

d) microwaves, UV radiation, X-rays L Wavclength
Q3 Which one of the following correctly represents the change in w

microwaves to X rays in electromagnetic spectrum?
Speed

(d) microwave region.

ave characteristics (all in vacuum) from

' Wavelength Frequency
a)  Remains same Decreases Remains same
b) Remains same Decreases Increases

¢) Increases Increases Decreases

d) Remains same Decreases Remains same

Q4 X rays are more harmful to human beings than ultraviolet radiations because X-rays:
a) Have frequency lower than that of ultraviolet radiations
b) Have wavelength smaller than that of ultraviolet radiations
¢) Move faster than ultraviolet radiations in air
d) Are mechanical waves but ultraviolet radiations are electromagnetic waves
Q5 Displacement current exists only when

a) electric field is changing b) magnetic field is changing
¢) electric field is constant d) magnetic field is constant
Q6 A welder wears special glasses to protect his eyes mostly from the harmful effect of
a) high intensity visible light b) infrared radiations
c) ultraviolet radiations d) radio waves

Q7 An electromagnetic wave of frequency 3kHz is passing from vacuum to glass. The ratio of their frequency
in vacuum and in glass is:

a) 3:1 b) 1:3 c) 1:4 (.i)l:l ' .
Q8 Which of the following electromagnetic waves has the highest momentum for a given energy?

a) Radio waves b) Microwaves c) Infrared rays d) Gamma rays
Q9 The source of an electromagnetic wave is always associated wntl): .

a) A moving electric charge only b) An accelerating ele‘ct;‘nclcc:lharge

c) A stationary electric charge d) A consta.nt 1‘nagnetnc ie .
Q10 The ratio of the amplitudes of electric and magnetic fields in free space 1s equal to:

is the speed of light in vacuum)
gc) lls o : b) ¢ ¢) 1/c? d) /e
SOLUTIONS:
1) C Solution: E=hv ,E=5eV,s0V = 1.2x 10" Hz, §o‘ldy r:(l;fre
50

2 - , Micro and UV as wavelength decreases in thi o
3; g l): J:Zjum speed remains the same and going from Micro to X rays frequency increase and wavelength

decreases
4)B  wavelength of X is smaller than UV ‘
w




